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ABSTRACT—The fusulinid fauna of the Missourian Series of Kansas, Missouri, and 
Iowa is considered in this paper. The fauna includes one species each of Millerella, 


Schubertella, Oketaella, and Fusulina, six species of the new genus Kansanella which 
include one species of the new subgenus Kansanella (Iowanella) and five species of 
the new subgenus Kansanella (Kansanella), and nine species of the genus Triticites. 
One species of Oketaella, O. inflata, one species of the be gem new subgenus Kan- 


sanella (Kansanella), K. (K.) joensis, and two species 0 


the genus 7riticites, T. 


kawensis and T. iatensis, are described as new. The stratigraphic distribution of the 


fusulinids throughout the series is discussed. 


ocks of Missourian age are exposed over 

large areas of southwestern Iowa, 
northwestern Missouri, and eastern Kansas, 
and they are composed largely of highly 
fossiliferous marine limestones and shales 
alternating with non-marine sandstones and 
shales and some thin coal beds. They occur 
in sequences that are repeated a number 
of times from the base to the top of the 
series, generally with marine and non- 
marine beds alternating in regular sequences 
that are defined as cycles. The rocks of the 
marine phases of most Missourian cycles 
contain great numbers of fusulinid foramin- 
ifers, many of which are abundant through- 
out the region under consideration. Further- 
more, Missourian marine rocks throughout 
most areas where known in America contain 
large faunas of fusulinids. Although small 
parts of the Missourian fusulinid fauna of 
the northern midcontinent region have been 
described on several occasions and by a 
number of workers, the entire fauna has 
not been brought together in a single treat- 
ment. It is the purpose of this paper to 
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describe or illustrate all known Missourian 
fusulinids of the northern midcontinent 
region. 

All Missourian fusulinids have been re- 
ferred to the genus Triticites Girty, with 
the exception of the one species of Wede- 
kindellina described by Newell & Keroher 
in 1937 from the Bethany Falls limestone 
and.-the single species of Fusulina described 
later from the same limestone by Thompson, 
Verville, & Lokke (1956). The present study 
indicates that many of the fusulinids for- 
merly referred to Triticites are quite distinct 
from the type species of Triticites, T. se- 
calicus (Say), and are being referred below 
to the new genus Kansanella and its two 
new subgenera Kansanella and Jowanella. 
This new genus belongs to the subfamily 
Schwagerininae, the same as Triticites. 

Almost all of the fusulinids from the 
Desmoinesian Series belong to the fusulinid 
subfamily Fusulininae and include such 
common genera as Fusulina, Wedekindel- 
lina, and Fusulinella. The discovery in re- 
cent years of both Fusulina and Wede- 
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kindellina in basal Missourian rocks and 
shortly below Missourian rocks (Dennis 
limestone) with abundant faunas of Triti- 
cites encouraged Paul Lamerson to make a 
detailed field study of lower Missourian 
rocks of Iowa, Missouri, and eastern Kansas 
to determine if evidence could be found to 
indicate a stratigraphic break between the 
Bethany Falls limestone with Fusulina and 
Wedekindellina and the Winterset limestone 
above with the abundant faunas of Triticites 
and Kansanella. He studied in detail forty 
different exposures between Winterset, Iowa 
and Kansas City, Missouri and reached the 
following conclusions: 

There is no physical evidence to indicate a 
long break in sedimentation between the Beth- 
any Falls limestone and the Winterset lime- 
stone. The Galesburg shale changes little in 


thickness and is lithologically uniform along 
the outcrop. 


Lamerson studied all lithologic facies and 
made thin sections of most of the limestones. 
He obtained numerous sections of fusulinids 
from the Sniabar limestone member of 
Hertha limestone at Kansas City (M-40) 
and found abundant specimens of a new 
species of Oketaella described below as 
O. inflata Thompson & Lamerson, specimens 
of an undescribed species of Schubertella, 
and an undescribed species of Millerella. 
Although these fusulinids do not furnish 
precise stratigraphic information, they do 
represent the first fusulinids known from 
this part of the section. 

The fauna from the Bethany Falls lime- 
stone seems more closely related to that from 
the Desmoinesian below, as recently dis- 
cussed by Thompson, Verville, & Lokke 
(1956). 

The next youngest Missourian fusulinids 
are in the Winterset limestone member of 
the Dennis limestone, and include the only 
known American species of the new sub- 
genus Jowanella and Triticites ohioensts. 
This is the only known occurrence of 
Towanella in America, except for the scarce 
specimens of the subgenotype in the Drum 
limestone shortly higher in the section. 
Typical species of the subgenus Kansanella 
are known first in the Dewey (Cement City) 
limestone member of the Drum limestone 
and are represented in practically every 
major marine unit throughout the remainder 


of the Missourian Series by the forms de- 
scribed below as K. (K.) tenuis from the 
Drum limestone, the Iola limestone, and 
the Wyandotte limestone, K. (K.) neglecta 
(Newell) from the Captain Creek limestone 
member of the Stanton limestone, K. (K.) 
plicatula (Merchant & Keroher) from the 
Plattsburg limestone and questionably from 
the Farley limestone member of the Wyan- 
dotte limestone; K. (K.) osagensis (Newell) 
from Missourian rocks of northern Okla- 
homa; and K. (K.) joensis, n.sp., from the 
Iatan limestone. 

The subgenus Kansanella (Kansanella) 
is also represented by exceedingly abundant 
undescribed specimens in lower Virgilian 
rocks up to the Lecompton limestone. There 
does not seem to be any pronounced and 
distinct change within this genus across the 
Missourian and Virgilian boundary. About 
the only changes noted are a gradual in- 
crease in the weight of the axial fillings and 
some changes in shell shape. 

The oldest Triticites in the Missourian of 
the northern midcontinent region is T. 
ohioensis Thompson so abundant in the 
Winterset limestone member of the Dennis 
limestone. Representatives of Triticites are 
less abundant throughout the remainder of 
the Missourian than are representatives of 
Kansanella, but Triticites does occur in all 
major limestone and marine shale units of 
the cycles from the Winterset to the top of 
the series and includes T. nebraskensis 
Thompson from the Cherryvale shale, 
T. burgessae Burma from the upper part of 
the Cherryvale, T. pygmaeus Dunbar & 
Condra from lower Missourian of Nebraska, 
T. collus Burma from the Drum limestone, 
T. primarius Merchant & Keroher from the 
Big Lake shale member of the Stanton 
limestone, T. newelli Burma from the South 
Bend limestone member of the Stanton 
limestone, T. kawensis, n.sp., from the 
Little Kaw limestone member of the Stanton 
limestone, and T. tatensis, n. sp., from the 
Iatan limestone. 

Species of Triticites in upper Missourian 
rocks gradually attain thicker walls and 
relatively thicker and larger shells and re- 
semble closely lower Virgilian species of the 
genus, such as T. orizyformis Newell from 
the Westphalia limestone of the Douglas 
group. The major change noted among 
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Triticites in going up in lower Virgilian rocks 
js a relative increase in wall thickness and 
a general increase in shell size. The most 
pronounced evolutionary changes which 
took place among the Triticites of the Vir- 
gilian Series is a gradual increase in the 
spirothecal thickness, gradual increase in 
the shell size, and a gradual increase in the 
size of the proloculus. The first distinctly in- 
flated and short species of Triticites are 
found in the northern midcontinent region 
a short distance above the base of the Vir- 
gilian and in rocks near the age of the Oread 
limestone. 

The stratigraphic distribution of the 
fusulinids described or discussed in this 
paper are illustrated on the accompanying 
stratigraphic diagrams of Missourian rocks 
of Kansas, Iowa, and Missouri (Text-fig. 1, 
2). 

Thanks are extended to the many or- 
ganizations and individuals who have helped 
with this study. Special thanks are ex- 
pressed to the Kansas Geological Survey 
and to the present and former graduate 
students Don Bebout, Dave Bostwick, Wm. 
King, Don Lokke, and Walter Moore. The 
Research Committee of the Graduate 
School of the University of Kansas furnished 
funds for production of part of the plates. 
All new material used in this study is in the 
author’s collection. 


COLLECTION LOCALITIES 
Iowa 

I-2. Bethany Falls limestone; 8 to 10 feet 
above the base of the limestone, in the road- 
cut of Highway 169, just west of the main 
quarry south of Winterset, west half sec. 6, 
T. 75 N., R. 27 W., Madison County. 
I-6. Cherryvale shale; 4 feet from top of 
shale, on the east side of the road, about 3 
miles southwest of the town of Winterset, 
NE, sec. 11, T. 75 N., R. 28 W., Madison 
County. 
I-8. Dewey (Cement City) limestone; about 
3 feet from top of limestone, same locality 
as 
I-44, Winterset limestone; near the middle 
of the limestone, in the old quarry on south 
edge of Winterset, in the west half sec. 6, 
T. 75 N., R. 37 W., Madison County. 
I-45, Dewey (Cement City) limestone; 
about 1.5 miles west and 1.3 miles south of 
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Winterset on Iowa Highway 2. NW}, sec. 
10, T. 75 N., R. 38 W., Madison County. 
I-47, Cherryvale shale; about 4 feet below 
top, same locality as I-45. 

I-48. Bethany Falls limestone; same lo- 
cality as I-2. 

I-49, Cherryvale shale; near top, same lo- 
cality as I-6. 

I-50. Winterset limestone; upper fusulinid 
shale above J-44, same locality as I-44. 
I-52. Cherryvale shale; about 9 feet below 
top, same locality as J-45. 

I-53. Winterset limestone; about 4 feet be- 
low I-44, same locality as I-44. 

I-54. Dewey (Cement City) limestone; 
about 3 feet below top, same locality as 
I-45, 

I-59. Westerville limestone; on west side 
of the north-south road, SE, sec. 25, T. 
69 N., R. 27 W., Decatur County. 

I-60. Argentine limestone; 200 yards north- 
east of bridge over Middle River on Iowa 
Highway 2, west of Winterset. 


KANSAS 


K-33. Bethany Falls limestone; Morris 
Quarry. 3 mile east of Morris. 

K-179. Farley limestone; Cement Plant 
Quarry, Bonner Springs. 

K-182. Iola limestone; on U.S. Highway 75, 
north of Louisburg, SW3, sec. 8, T. 16 S., 
R. 25 E., Miami County. 

K-191. Rock Lake shale; west sec. 31, T. 
26 S., R. 15 E., Woodson County. 

K-214, Captain Creek limestone; about 0.2 
miles north of the old town of Pressonville, 
in old quarry just to east of the road, sec. 
30, T. 16 S., R. 22 E., Miami County. 
K-215. South Bend limestone?; in barn- 
yard just west of barn, southeast corner 
sec. 1, T. 15 S., R. 21 E., Johnson County. 
K-250. Spring Hill limestone; quarry at 
northwest corner of junction of old U. S. 
Highway 59 and Santa Fe Railroad, 5 
miles southwest of Garnett. 

K-253. Rock Lake shale; in shale above 
lower limestone, south bank of Little Sandy 
Creek, just east of bridge, west side NW3}, 
SWI, sec. 31, T. 26 S., R. 15 E., Woodson 
County. 

K-254. Wyandotte limestone; from 6 inch 
shale in road ditch on north side of road, 
0.2 miles east of northwest corner sec. 19, 
T. 16 S., R. 25 E., Miami County. 
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TEXT-FIG. 1—Diagram of lower Missourian rocks showing fusulinids. Vertical scale 
of 1 inch equals approximately 25 feet. 
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K-363-52. Bethany Falls limestone; in the 
railroad cut near the center of the south 
edge, NW3, sec. 12, T. 19 S., R. 23 E., Mi- 
ami County. 


MIssourRI 


M-2-52. Bethany Falls limestone; about 
three miles northeast of Martin City, NEj, 
sec. 33, T. 48 N., R. 33 W., Jackson County. 
M-3. Bethany Falls limestone; in shale zone 
in limestone of old quarry, SE}, SW3, sec. 
17, T. 49 N., R. 32 W., Jackson County. 
M-4. Bethany Falls limestone; on U. S. 
Highway 40, 0.7 miles east of Linwood 
Blvd., Kansas City. 

M-8. Bethany Falls limestone; same lo- 
cality as M-4. 

M-18. Iatan limestone; south part of St. 
Joseph on east side of Highway 59. 

M-20. Little Kaw limestone; first bluff on 
east side of road just north of Farley. 
M-37. Jatan limestone; at top of east road- 
cut on Highway 71, 8.2 miles south of Fau- 
cett, and 3.7 miles south of the Buchanan 
County line. 

M-39. Bethany Falls limestone; shale be- 
tween limestone beds on walls of quarry op- 
posite 3132 Raytown Road, Kansas City. 
M-40. Hertha limestone, Sniabar limestone 
member; from about 8.4 feet above base of 
limestone, in a quarry on the eastern city 
limits of Kansas City, NE}, SW3, sec. 7, T. 
49 N., R. 32 W. 


NEBRASKA 


N-5. Louisville, Nebraska. 
N-6. Richfield Quarry, Richfield, Nebraska, 


OKLAHOMA 


O-4. Missourian limestone; 90 to 100 feet 
above the Avant limestone, road-cut on 
Oklahoma Highway 11, 2 miles north of 
Avant, SW}, sec. 31, T. 24 N., R. 21 E,, 
Osage County. 


SYSTEMATIC PALEONTOLOGY 


Genus OKETAELLA Thompson 
OKETAELLA INFLATA Thompson & 
Lamerson, n. sp. 

Pl. 21, fig. 1-8 


The shell of Oketaella inflata is minute in 
size and inflated elliptical in shape; with 
broadly convex lateral surfaces, bluntly 
rounded polar ends, and aboutstraight axis of 
coiling. Shells of two and a half to four volu- 
tions measure .53 to .92 mm. in length and 
.45 to .75 mm. in width, giving form ratios 
of 1.2 to 1.4. The first volution is almost 
spherical to staffelloid in shape and has a 
form ratio of about .8 to 1.1. That of the 
second and third volutions are about 1.2 
and 1.4, and that of the fourth volution of 
one specimen is about 1.4. 

The spirotheca is thin and seems com- 
posed of a tectum and lower layer with sug- 
gestion of perforations. The tectum and 


EXPLANATION OF PLATE 21 
All illustrations on this plate are unretouched photographs. 


Fic. 1-8—Oketaella inflata Thompson & Lamerson, n. sp. /-4, Sagittal sections of paratypes; 5, axial 
section of the holotype; and 6-8, axial sections of paratypes. All X50 from the Sniabar 
limestone member of the Hertha limestone at Kansas City, Missouri (M-40). / to & are of 


specimens 7, 8, 5, 6, 4, 1, 2, and 3. 


9—Millerella sp. Axial section from the Sniabar limestone member of the Hertha limestone at 


Kansas City, Missouri (M-40), 100. 


10—Schubertella sp. Axial section from the Sniabar limestone member of the Hertha limestone at 


Kansas City, Missouri (M-40), 100. 


11-14—Wedekindellina ultimata Newell & Keroher. 11, Tangential section showing nature of sep- 
tal fluting; 12, sagittal section; and 13, 14, axial sections; all X20. 11 and 13 are of topotypes 
from the Bethany Falls limestone in Kansas City (M-3), and 12 and /4 are of specimens from 
the Bethany Falls near Kansas City (M-2-52). 

15-19—Fusulina fallsensis Thompson, Verville & Lokke. 15, Tangential section of a paratype; 
16, sagittal section of a paratype; 17,18, axial sections of paratypes; and 19, axial section of 
the holotype; all X20. 15,17, and 19 are from the Bethany Falls limestone south of Kansas 
City, Kansas (K-363-52), and the others are from the same limestone near Kansas City, 


Missouri (M-2-52). 
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Measurements of Oketaella inflata Thompson & Lamerson, n. sp., in mm. 


. Diam Height of volutions Thickness of spirotheca 
Speci- W. Ratio 
7 prol. 1 2 3 4 1 2 3 4 
1 0.56 0.47 1.2 .085 .040 .089 .097 — .005 .009 .011 — 
2 0.53 0.45 1.2 .101 .033 .058 .118 — .007 .010 .011 — 
3 0.60 0.46 1.3 133 .056 .076 — 
4 0.92 0.64 1.4 .061 .112 .142 .008 .013 .013 .022 
5 0.59 136 .050 .075 — .012 — 
6 0.52 .108 .051 .106 — — .007 .012 — 
7 0.61 .112 .048 .060 .077 — 
8 0.75 .083 .061 .107 — — 01 — 
Speci- Form ratio of volutions Septal count Tunnel angle (degrees) 
— 1 2 3 4 1 2 3 1 2 3 4 
) 
2 0.9 1.2 1.2 36 43 — 
4 1.1 1.2 1.4 1.4 37 31 50 
5 — — 12 12 — — 
6 — — 8 12 12 
7 — — 10 12 17 
8 — 8 13 15 — 


lower layer are about 12 mm. thick in the 
third volution. No alveoli are observed. In 
the tunnel areas the tops and bottoms of 
the spirotheca are covered by what re- 
sembles tectoria. The coverings may be con- 
tinuations of the chomata. 

The septa are relatively widely spaced 
and are below rather distinct external fur- 
rows. They are about normal to the shell 
surface and seem to be plane throughout 
the length of the shell, but there is a slight 
suggestion that they are wavy in the ex- 
treme ends of the shell. The septal counts 
of the first to the third volution of four 
specimens average 10, 12, and 15, respec- 
tively. 

The proloculus is relatively large and has 
an outside diameter of 83 to 133 microns, 


averaging 108 microns for seven specimens. 
The chambers increase in height relatively 
rapidly but uniformly. Average heights of 
the chambers above the tunnel in the first to 
the fourth volution of eight specimens are 
44, 66, 103, and 142 microns, respectively. 
The tunnel is moderately high and has a 
path that seems about straight. Its angle is 
about 31 and 50 degrees in the third and 
fourth volutions. Chomata are heavy es- 
pecially adjacent to septa where they ex- 
tend up toward the tops of the chambers on 
both sides with slowly diminishing thick- 
ness. In the outer chambers they have steep 
tunnel margins and lower lateral slopes. 
They extend to the axial areas to give the 
appearance of light axial fillings. 
Remarks.—Oketaella inflata resembles O. 


EXPLANATION OF PLATE 22 


All illustrations on this plate are unretouched photographs, and all are magnified X10 except 6 and 
7, which are magnified X20. 


Fic. 1-13—Kansanella (Iowanella) winterensis (Thompson, Verville & Lokke). /, Axial section of the 
holotype; 2-6, axial sections of paratypes; 7-10, sagittal sections of paratypes; and /J-13, 
tangential sections of paratypes. Type species of the new subgenus Jowanella. All from the 
Winterset limestone member of the Drum limestone (I-44). 
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lenensis from the Lenapah limestone of 
Oklahoma and O. oscurensis from the basal 
Coane limestone of New Mexico more 
closely than other known species and can be 
distinguished from the former most easily 
by its shorter and more inflated shell and 
more loosely coiled shell. It can be dis- 
tinguished from O. oscurensis by its wider 
tunnel, more blunt polar ends, and more 
highly convex lateral surfaces. Also, its 
chomata are more narrow and restricted. 

Occurence.—Oketaella inflata is the first 
fusulinid to be described from the Sniabar 
limestone (Hertha limestone) of the north- 
ern midcontinent region. It was discovered 
by Paul Lamerson in numerous thin sections 
of the Sniabar at Kansas City, Missouri, 
where it is associated with an undescribed 
species of Schubertella and an undescribed 
species of Millerella (M-40). 


Genus WEDEKINDELLINA 
Dunbar & Henbest 
WEDEKINDELLINA ULTIMATA 
Newell & Keroher 
Pl. 21, fig. 11-14 
Wedekindellina ultimata NEWELL & KEROHER, 

1937, Jour. Paleont., vol. 11, p. 700-705, pl. 93, 

fig. 1-9; THOMPSON, VERVILLE, & LOKKE, 1956, 

Jour. Paleont., vol. 30, p. 801-803, pl. 90, 

fig. 1-11, pl. 91, fig. 1-15. 

The shell of Wedekindellina ultimata is 
highly elongate fusiform in shape; with 
sharply to bluntly pointed polar ends, 
straight to curving or irregular axis of coil- 
ing, inflated central area, and slightly con- 
cave to almost straight but low lateral 
slopes. Larger shells of seven to eight volu- 
tions measure 4.4 to 6.2 mm. long and 1.2 
to 1.5 mm. wide, giving form ratios of 3.1 
to 4.4. The first volution is almost round but 
the axes of later volutions become rapidly 
extended, and the form ratios of volutions 
increase rapidly to the fourth or fifth volu- 
tion. Averages of the form ratios of the first 
to the eighth volution of seven specimens 
are 1.4, 1.9, 2.3, 2.9, 3.0, 3.2, 3.4, and 3.7, 
respectively. Many larger specimens de- 
velop a curved or irregular axis of coiling. 

The proloculus is small and spherical in 
most specimens, measuring 75 to 127 mi- 
crons in outside diameter and averaging 
104 microns in nine specimens. Averages of 
the heights of the chambers above the tun- 
nel in ten specimens are 36, 40, 56, 67, 86, 


106, 121, and 140 microns, respectively, 
The chambers are lowest above the tunnel, 
and they increase in height slowly poleward 
and become highest near the polar ends. 

The spirotheca is thin throughout the 
shell but is thickest above the tunnel. It is 
composed of the tectum and diaphanotheca 
and is covered above and below by rather 
thick layers of tectoria. The thick and 
broad chomata and heavy axial fillings 
which join the chomata in most volutions 
are difficult to distinguish from the tectoria. 
The proloculus wall is too thin to measure 
accurately. Averages of the combined thick- 
nesses of tectum and diaphanotheca above 
the tunnel in the fourth to seventh volution 
of nine specimens are 13, 15, 16, and 19 
microns, respectively. 

The septa are closely spaced throughout 
the shell. They are plane across the central 
half of the shell and are fluted in the end 
quarters. However, the fluting forms closed 
chamberlets only in the extreme end zones. 
Averages of the septal counts of the first to 
the seventh volution of three specimens are 
10, 17, 20, 22, 22, 24, and 28, respectively. 

The tunnel is slightly more than half as 
high as the chambers and is moderately 
narrow. It expands in width very slowly to 
the fifth or sixth volution and has a path 
that is almost straight. Averages of the tun- 
nel angle in the fourth to the eighth volution 
are 19, 23, 27, 33, and 27 degrees, respect- 
ively. The chomata are high and broad and 
have vertical to overhanging tunnel sides 
and low poleward slopes. They join with the 
axial filling in inner volutions without an 
obvious break, but in outer volutions of 
most specimens they are broad but are sepa- 
rated from the axial fillings. In an occasional 
specimen the axial fillings are continuous 
with the chomata even to the ultimate volu- 
tion. Axial fillings are very heavy in typical 
specimens and completely fill most of the 
chambers in the axial areas of all volutions 
except the outer one to three volutions. 
They do not seem of exactly the same weight 
in all specimens even from the same locality 
but are invariably rather heavy at all places 
studied in Kansas, Missouri, and Iowa. 

Remarks.—The above description is based 
on topotype specimens of Wedekindellina 
ultimata from the Bethany Falls limestone in 
Jackson County, Missouri, and in Miami 
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County, Kansas, both in the greater Kansas 
City area, and from the Bethany Falls near 
Winterset, Iowa. The specimens from the 
vicinity of Kansas City seem somewhat 
larger than those from Iowa but this may be 
more apparent than real. In general, the 
axial fillings in both localities are closely 
similar, and most of our axial sections from 
Iowa contain one less volution. 

Specimens here referred to this species 
are very abundant in the Coane formation 
at many places in New Mexico and is one 
of the better key index fossils for this part 
of the stratigraphic section. In fact, it com- 
poses large percentages of the upper Coane 
limestones over wide areas. Numerous thin 
sections have been prepared of the New 
Mexico collections and many of them have 
been measured. In general, the New Mexico 
specimens are smaller than the types from 
Missouri and they may represent different 
subspecies. 

Wedekindellina ultimata differs from W. 
ardmorensis Thompson, Verville & Lokke 
particularly by its more tightly coiled outer 
volution, more closely spaced outer septa, 
more dense axial fillings, and heavier cho- 
mata. 

Wedekindellina ultimata and W. ardmoren- 
sis have axial fillings as in typical Wede- 
kindellina, have wall structures as in the 
genotype species, have closely spaced septa 
as in the genotype, and have elongate 
slender shells with inflated central areas as 
in the genotype and in most other Desmoi- 
nesian typical species. They differ from the 
genotype particularly in their septal fluting 
developed in the polar regions. In this latter 
respect they resemble Pseudofusulinella 
occidentalis (Thompson & Wheeler), the 
genotype of Pseudofusulinella. However, the 
wall structure of the latter species seems 
different from that of the lower Missourian 
species, 

Wedekindellina ultimata is very abundant 
over wide areas in central United States 
west of the Mississippi River to the New 
Mexico region. It seems restricted to the 
same general part of the stratigraphic sec- 
tion above the base of the Missourian and 
constitutes one of the very best of the index 
fossils for correlation of lower Missourian 
rocks, 

Occurrence.— Wedekindellina ultimaia has 


been observed at many places in the Beth- 
any Falls limestone in Iowa (I-2, I-48), 
Missouri (M-3, M-4, M-8, M-39, M-2-52), 
and Kansas (K-33, K-363-52). At the locali- 
ties M-2-52 and M-363-52 it is associated 
with common specimens of Fusulina fall- 
sensis. Abundant specimens are also found 
in subsurface lower Missourian rocks of 
Texas and in the Coane formation exposed 
in many parts of New Mexico. It is re- 
stricted to the Coane formation and rocks 
of equivalent age in New Mexico and ex- 
treme west Texas. It is exceedingly abun- 
dant in the Sandia Mountains, Ladron Moun- 
tain area, Oscura Mountains, San Andres 
Mountains, Robledo Mountains, and Hueco 
Mountains. 


Genus Fusu tina Fischer-de-Waldheim 
FUSULINA FALLSENSIS Thompson, 
Verville, & Lokke 
Pl. 21, fig. 15-19 
Fusulina fallsensis THOMPSON, VERVILLE, & 

LokKKE, 1956, Jour. Paleont., vol. 30, p. 799- 

801, pl. 89, fig. 12-23. 

The shell of Fusulina fallsensis is highly 
irregularly fusiform to subcylindrical in 
shape; with rounded to irregular polar ends, 
shifting to irregular axis of coiling, and ir- 
regular to convex lateral slopes. Larger shells 
contain four to five volutions and have an 
average form ratio of 2.4 for nine specimens. 
The holotype specimen of five volutions 
measures about 2.9 mm. long and 1.6 mm. 
wide, giving a form ratio of about 1.8. An- 
other typical specimen of five volutions 
measures 3.5 mm. long and 1.6 mm. wide, 
giving a form ratio of 2.2. The averages of 
the form ratios of the first to the fifth volu- 
tion of eight specimens are 1.3, 1.7, 2.0, 2.2, 
and 2.0, respectively. These average deter- 
minations of the form ratios have little 
significance, however, for no single speci- 
men has ratios that correspond exactly with 
them. The shape of the shell of any given 
volution varies widely. For instance, the 
third volution of some specimens is elongate 
fusiform with sharply pointed polar ends, 
but the same volution of other specimens is 
inflated irregularly and is ellipsoidal in shape 
with broadly rounded polar ends. 

The proloculus is abnormally large for the 
size of the shell, and it is highly irregular in 
shape. In some specimens it is spherical in 
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shape but in most specimens it is deeply de- 
pressed around the proloculus pore and very 
broadly convex on the opposite side. Its 
greatest diameter varies from 219 to 353 
microns, averaging 257 microns for thirteen 
specimens. In general, the chambers are 
lowest immediately above the tunnel, but 
many of them are variable in height from 
pole to pole. The lateral surfaces turn into 
the polar ends rather sharply in outer voiu- 
tions, resulting in blunt to rounded polar 
ends. 

The spirotheca is thin and is composed of 
the tectum and the diaphanotheca, the lat- 
ter of which shows a porous structure in 
some parts of the shell. The thicknesses of 
the tectum and diaphanotheca in the third 
and fourth volutions of the holotype speci- 
men measure about 24 and 27 microns, re- 
spectively. The proloculus wall of this same 
specimen measures about 15 microns. 
Averages of the thicknesses of the tectum 
plus the diaphanotheca above the tunnel in 
the first to the fifth volution of twelve speci- 
mens, including the holotype, are 14, 18, 
22, and 24 microns, respectively. 

The septa are thin and are fluted through- 
out the length of the shell so as to form 
closed chamberlets above the tunnel. Closed 
chamberlets extend about three-fourths as 
high as the chambers immediately adjacent 
to the tunnel. The fluting is not uniform 
laterally along the septa or vertically up 
the septa. Averages of the septal counts of 
the first to the fourth volution of three 
specimens are 10, 19, 25, and 30, respec- 
tively. 

The tunnel is narrow and its path is ir- 
regular. The irregular path of the tunnel 


corresponds to the irregularly shifting axis 
of coiling. In one specimen, the tunnel path 
in the first volution is almost parallel to the 
axes of outer volutions. Also, the width of 
the tunnel varies considerably for a given 
volution among different specimens. Al- 
though the tunnel angle is quite variable ' 
among different specimens, it averages 
about 28, 30, and 50 degrees in the third 
to the fifth volution, respectively, of eight 
specimens. Chomata deposits are heavy but 
are irregularly spread along the septa and 
spirotheca. Most volutions contain slightly 
asymmetrical chomata which are about a 
third as high as the chambers. Axial fillings 
completely fill chambers in the first two to 
three volutions in some specimens and only 
partly fill the chambers in extreme polar 
ends of outer volutions. 

Remarks.— Fusulina fallsensis has one of 
the most highly irregularly shaped shells of 
any known species of the genus. The shell 
varies from an almost perfectly fusiform 
shape to a highly crooked shape. Also, the 
general shell volume varies considerably 
among different specimens. It can be dis- 
tinguished from other species of the genus 
by its irregular shape, its loose and irreg- 
ular shell coiling, its large and irregular 
proloculus, its discontinuous tectoria, its 
axial fillings, and its irregularly fluted septa. 
The general spirothecal structure of Fusu- 
lina fallsensis compares closely with that of 
F. eximia from the Cooper Creek limestone 
of Iowa and of F. cylindrica of the upper 
Moscovian of Russia. Both of these last two 
species are highly elongate subcylindrical 
in shape and are considerably larger in size. 
The proloculus of F. eximia is about spheri- 


EXPLANATION OF PLATE 23 
All illustrations on this plate are unretouched photographs, and all are magnified X10 except 2, 


which is magnified X20. 


Fic. 1-17—Kansanella (Kansanella) tenuis (Merchant & Keroher). 1, Axial section of the holotype; 
2,3,4,15, axial sections of topotypes; 5,6, axial sections; 7,8, sagittal sections; 9, sagittal sec- 
tion of a paratype; 10, sagittal section of a topotype; //, sagittal section; 12, parallel section; 
13, tangential section of a paratype; and 14,16,17, axial sections. 2-4,10, and 15 are from a 
thin shale in the Wyandotte limestone of Miami County, Kansas (K-254). 5 is the holotype 
specimen of Triticites caccus Burma from the Argentine limestone of Iowa, and 6,7, and 12 
are topotype specimens of the same form (I-60). 8 and /4 are from the Dewey limestone 
(Cement City) of Iowa (I-54). 11,16, and 17 are from the Iola limestone of Kansas (K-182). 
1,2(=15),3,4,9, and 10 are of specimens 1, 3, 5, 4, 2, and 7 of measurements (K-254 and 


types). 
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cal in shape and is minute in size. In con- 
trast, the proloculus of F. fallsensis is large 
and is highly irregular in shape. F. cylindrica 
also has a large irregular proloculus. The 
early volutions of F. eximia are symmetrical 
with the outer volutions, but in contrast, 
the early volutions of both F. fallsensis and 
F. cylindrica are variable in their general 
attitude toward outer volutions. 

Fusulina cylindrica has irregularly dis- 
tributed axial fillings somewhat like that in 
F. fallsensis, but the fillings of the former 
are somewhat heavier. Also, F. eximia has 
very slight and discontinuous axial fillings. 
It is generally agreed that species like F. 
cylindrica are on one extreme end of the 
genus Fusulina and such lower Desmoi- 
nesian species like F. prima are on the other 
extreme near the earliest species of the 
genus. The great numbers of the species of 
the genus between rocks of lower Desmoi- 
nesian age and late Moscovian (probably 
early Missourian) are in a large part quite 
different from F. cylindrica, except that 
they have septal fluting throughout the 
length of their shells and a spirothecal 
structure somewhat alike. The genotype of 
Quasifusulina, Fusulina longissima Miller, 
actually has many more shell features simi- 
lar to those of F. cylindrica than do the lower 
Desmoinesian species. 

Due largely to a misinterpretation of shell 
features, Moller (1877) established the 
genus Hemifusulina in 1877. H. bocki 
Moller (Fusulina minima Schwellwien, 
1908), the genotype, was not described until 
the following year. The type species of 
Hemifusulina is very closely similar to the 
lower Desmoinesian fusulinids now gener- 
ally referred to Fusulina. Also, Galloway 
(1933) established the genus Beedina (with 
Fusulinella girtyi Dunbar & Condra as the 
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genotype) for the Desmoinesian type of fu- 
sulinid now referred to Fusulina. 

If the lower Desmoinesian fusulinids now 
commonly referred to Fusulina are to be 
separated generically from F. cylindrica, 
Hemifusulina is the earliest valid genus 
established for them and it has priority over 
the name Beedina proposed by Galloway. 
Both Hemifusulina and Beedina are here 
considered synonyms of Fusulina. How- 
ever, should either or both be resurrected 
for the Desmoinesian species, F. fallsensis 
should still be referred to the genus Fusu- 
lina; it is a typical form of the genus. 

Occurrence.—Fusulina fallsensis is rather 
scarce in association with abundant Wedek- 
indellina ultimata in the Bethany Falls lime- 
stone and in the neighborhood of Kansas 
City, Missouri, and Kansas City, Kansas. 
The above description is based on speci- 
mens from the Bethany Falls in Miami 
County, Kansas (K-363-52) and Jackson 
County, Missouri (M-2-52). 


Genus KANSANELLA Thompson, n. gen. 


Type species: Kansanella (Kansanella) 
joensis Thompson, n. sp. 

Diagnosis—The shell of Kansanella is 
moderately large and is inflated fusiform 
to highly elongate fusiform or irregularly 
subcylindrical in shape; with convex to 
concave or irregular lateral slopes, almost 
straight to shifting axis of coiling, and 
pointed to rounded polar ends. Specimens 
contain up to about ten volutions at ma- 
turity and are up to 10 mm. long and 2.8 
mm. wide and have form ratios as great as 
5 or 6, The type species of eight and a half 
volutions is slightly less than 2 mm. wide 
and about 9 mm. long. The type species of 
the new subgenus Jowanella is up to 8.0 mm. 
long and 2.8 mm. wide. In general, most 


EXPLANATION OF PLATE 24 
All illustrations on this plate are unretouched photographs, and all are magnified X10 except /, 


which is X20. 


Fic. 1-13—Kansanella (Kansanella) plicatula (Merchant & Keroher). 1, Axial section of the holo- 
type; 2,3, tangential sections of paratypes; 4,5,7, sagittal sections of topotypes; 6, sagittal 
section of a paratype; 8,9, parallel sections of topotypes; J0-12, axial sections of topotypes; 
and 13, axial section. All are from the Plattsburg limestone of Kansas (K-250) except for 
13, which is from the Farley limestone of Kansas (K-179), 1,4-7, and 10-12 are of specimens 
5, 8, 10, 6, 9, 4, 1, and 2 of measurements. 
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species have shells that vary considerably in 
shape from those with a straight axis of 
coiling to those with arcuate or highly ir- 
regular axes of coiling. The proloculus is 
small and spherical in shape, and the shell 
expands gradually but slowly. The spiro- 
theca is thin for the size of the shell, has 
near the same thickness in the central half 
of the shell length, is composed of the tectum 
and finely alveolar keriotheca, is thin in the 
first volutions, gradually increases in thick- 
ness to maturity, and attains a thickness as 
great as near 45 microns in the eighth volu- 
tion of the type species. In some representa- 
tives it is as thick as 70 microns in the 
eighth volution. The septa are moderately 
widely spaced and are composed of thin 
pycnotheca. They are fluted throughout the 
length of the shell and completely to the 
tops of the chambers. However, the fluting 
is non-uniform from septum to septum, 
laterally along a given septum, and verti- 
cally up a given septum. The tunnel is wide, 
and its path is almost straight. Chomata 
are present throughout the shell and extend 
along the septa and walls as irregular de- 
posits for considerable distances toward the 
poles. In the first four or five volutions the 
chomata are high and extend completely to 
the polar ends and join with axial fillings 
that almost completely fill the chambers. 
Axial fillings occur in most, if not all, species 
but are better developed in the inner volu- 
tions. 

Remarks.—Until fairly recent years all 
described Upper Pennsylvanian American 
larger fusulinids were assigned to the genus 
Triticites Girty. However, in 1934 Newell 
described a form as Triticites osagensis from 
Missourian rocks in Oklahoma that has 
many features quite different from typical 
Triticites that are closely similar to the type 
species T. secalicus (Say). Also, a number of 
workers have since described fusulinids 
somewhat like T. osagensis from rocks 
throughout most of the Missourian Series, 
such as T. neglectus Newell (1934) from the 
Captain Creek limestone, T. tenuis Mer- 
chant & Keroher (1939) from the Wyan- 
dotte limestone, 7. piicatulus Merchant & 
Keroher (1939) from the Spring Hill lime- 
stone member of the Plattsburg formation, 
and T. winterensis Thompson, Verville, & 
Lokke (1956) from the Winterset limestone. 


The very abundant fusulinid Dunbar- 
tnella ervinensts Thompson of the lower 
Virgilian of Oklahoma was made the type 
species of Dunbarinella Thompson in 1942, 
This form is characterized by a moderately 
large shell, heavy axial filling, moderately 
intense and uniform septal fluting, and a’ 
spirotheca somewhat like that of Triticites, 
This constitutes the third group of larger 
fusulinids that has been found in Upper 
Pennsylvanian rocks in the midcontinent 
region. 

During the present study of all fusulinids 
of the Upper Pennsylvanian of the northern 
midcontinent region, the general group of 
fusulinids like Triticites osagensis Newell 
and T. neglectus Newell has been found in 
practically every major limestone unit from 
the Winterset limestone up to and including 
the Lecompton limestone formation in the 
Shawnee group of the Virgilian. In addition 
to the five species formerly described and 
listed above, this group is represented by 
great numbers of specimens in the latan 
limestone, throughout most major lime- 
stone units of the Oread limestone of the 
lower Shawnee group, and in the Lecompton 
limestone formation of the Shawnee group. 
All of these are here recognized as belonging 
to the new genus described above as Kan- 
sanella, with K. (K.) joensis, new species, 
as genotype. The form T. winterensis is 
selected as the type species of the subgenus 
of Kansanella described below as Jowanella. 
The form K. (K.) joensis is the subgenotype 
of the typical new subgenus Kansanella. 
The genus Kansanella has a stratigraphic 
range from the Winterset limestone of the 
Missourian Series up to the Shawnee group 
of the Virgilian Series and is represented in 
Missourian rocks of the northern midcon- 
tinent region by the species K. (J.) winter- 
ensis, K. (K.) tenuis, K. (K.) neglecta, K. 
(K.) plicatula, and K. (K.) joensis. Also, 
two undescribed species of this biologic 
unit are abundant in the Shawnee group of 
the lower Virgilian. Throughout this strati- 
graphic interval specimens of Kansanella 
compose the most abundant of the midcon- 
tinent fusulinids. However, unquestioned 
representatives of this genus and its sub- 
genera have not been described from outside 
the midcontinent region. The only refer- 
ence to possible species of this general group 


| 


MIDCONTINENT MISSOURIAN FUSULINIDS 301 


were those referred with question to Triti- 
cites neglectus and T. plicatulus from the 
Oquirrh formation of Utah by Thompson, 
Verville, & Bissell (1950). 

Species of Kansanella have been referred 
to Triticites on several occasions, but most 
students have recognized that they are not 
closely similar to T. secalicus (Say), the 
type species of Triticites. They differ from 
Triticites by their irregularly elongate and 
slender shells, intense but highly irregular 
septal fluting, axial fillings, irregular lateral 
slopes, and irregular axes of coiling. Also, 
the spirotheca of Kansanella increases in 
thickness much more slowly with increase 
in the size of the shell. The pronounced but 
irregular septal fluting alone is sufficient to 
distinguish Kansanella from Triticttes. 

Kansanella can be distinguished from 
Schwagerina by its distinct irregularity of 
septal fluting, less regular and uniform shell, 
and considerably thinner spirotheca in com- 
parison to shell size. The laterally spreading 
deposits of the chomata so characteristic of 
Kansanella are totally lacking in typical 
Triticites and Schwagerina. 


Subgenus IOWANELLA Thompson, 
n. subgen. 


Type species: Triticites winterensts THOMP- 
SON, VERVILLE, & LOKKE, 1956. 

Diagnosis.—The shell of the new sub- 
genus Jowanella is moderately large and in- 
flated fusiform in shape; with an inflated 
central area, sharply to bluntly pointed 
polar ends, and slightly convex to concave 
lateral slopes. The type species has up to 
eight volutions and measures up to 2.8 mm. 
wide and 8.0 mm. long, giving a form ratio 
near 3.0. The shell changes with growth from 
a short inflated and elliptical shape in the 
first volution with a form ratio slightly 
greater than unit value to an elongate fusi- 
form shape at maturity. All volutions are 
almost perfectly symmetrical. The prolocu- 
lus is small and spherical in shape, and the 
shell expands slowly and uniformly. The 
spirotheca is thin and is composed of the 
tectum and a thin alveolar keriotheca. 
However, the keriotheca is very thin in 
inner volutions where it seems structureless 
in most specimens. The proloculus wall is 
relatively thick and is structureless except 
for the proloculus pore. The septa are 


closely spaced and are composed of a dis- 
tinct pycnotheca. They are fluted through- 
out the length of the shell, but the fluting 
is highly irregular laterally along the septa 
and vertically up the septa. In fact, the 
general pattern of fluting seems to vary 
from septum to septum without a uniform 
pattern. The fluting effects the septa 
throughout their height. Septal pores are 
abundant but seem more closely spaced in 
the axial areas. The tunnel is narrow and 
high and has a straight to slightly shifting 
path. The chomata are high and broad and 
have steep to overhanging tunnel sides and 
steep to low poleward slopes. They extend 
along the septa and spirotheca to polar 
regions in the inner four or five volutions 
and a third to half the distance to the poles 
in outer volutions. They almost completely 
fill chambers adjacent to the tunnel and 
leave a small lateral opening at the tops of 
the chambers. 

Remarks.—Iowanella resembles in several 
respects the typical subgenus Kansanella 
described above and is considered closely 
related to it. It can be distinguished from 
that subgenus by a shorter and more in- 
flated shell, more massive chomata, and 
more uniform lateral slopes and axis of coil- 
ing. 

The new subgenus Jowanella can be dis- 
tinguished from Triticites by its irregularly 
and broadly fluted septa throughout the 
length of the shell, its abnormally broad 
and massive chomata, its relatively thin 
spirotheca in comparison to the size of the 
shell, and its axial fillings. The subgenotype 
from the Winterset limestone member of the 
Dennis limestone and from the Drum lime- 
stone is the only known species. 


KANSANELLA (IOWANELLA) WINTERENSIS 
(Thompson, Verville, & Lokke) 
Pl. 22, fig. 1-13 
Triticites winterensis THOMPSON, VERVILLE, & 

LokKE, 1956, Jour. Paleont., vol. 30, p. 807- 

810, pl. 93, fig. 1-13. 

The shell of Kansanella (Iowanella) 
winterensis is moderately large in size and 
inflated fusiform in shape; with slightly in- 
flated central area, bluntly rounded polar 
ends, slightly convex, almost straight to 
slightly concave or irregular lateral slopes, 
and curving to slightly irregular axis of 
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coiling. Mature specimens of seven to eight 
and a half volutions are 2.4 to 2.8 mm. wide 
and 6.0 to 8.0 mm. long, giving form ratios 
of 2.3 and 3.1. The first four to six volutions 
are ellipsoidal in profile, but beyond the 
sixth volution the polar ends are slightly 
more extended. Averages of the form ratios 
of the first to the seventh volution of six 
specimens are 1.4, 1.7, 1.8, 1.9, 2.1, 2.3, and 
2.3, respectively. 

The proloculus is small in size and spheri- 
cal in shape. Its outside diameter measures 
125 to 164 microns and averages 150 mi- 
crons for seven specimens. The shell is 
tightly coiling, and the chambers increase in 
height about uniformly. Averages of the 
heights of the chambers in the first to the 
seventh volution of nine specimens are 41, 
67, 91, 130, 185, 260, 303, and 330 microns, 
respectively. The chambers are of near the 
same height throughout their width in the 
inner six or seven volutions, but they in- 


crease in height rather sharply in the polar 


areas of the outer three to four volutions. 

The spirotheca is thin in comparison to 
the size of the shell. It is coarsely alveolar 
in the outer volutions and shows distinct 
alveoli in the first volution of some speci- 
mens. However, in the first few volutions of 
some specimens it seems composed of the 
tectum and a lower structureless layer. 
Averages of the thicknesses of the spiro- 
theca above the tunnel in the third to the 
eighth volution of nine specimens are 21, 
25, 36, 49, 58, and 61 microns, respectively. 
The proloculus wall is thick and measures 
about 18 microns. 

The septa are thin and are closely spaced. 
Averages of the septal counts of the first to 
the eighth volution of three specimens are 
11, 19, 23, 28, 32, 36, 38, and 43, respec- 
tively. The septa are fluted throughout the 
length of the shell, and the fluting forms 
closed chamberlets even above the tunnel. 
However, the fluting seems irregularly 
spaced along the septa. The fluting in the 
outer volutions of larger specimens seems 
similar in nature to that found in the sub- 
genus Acervoschwagerina. 

The tunnel is narrow, and its path is 
straight to slightly irregular. The tunnel 
angle averages 17, 20, 23, 25, 32, and 26 de- 
grees, respectively, in the third to the 
eighth volution, The chomata are high and 


broad and have almost flat upper surfaces, 
steep to overhanging tunnel sides, and steep 
poleward slopes. In the inner five to six 
volutions the chomata extend to the polar 
ends, and they extend almost to the poles 
in the outer volutions. They reach the tops 
of the chambers adjacent to the septa and: 
only a minute circular lateral opening is 
left above the chomata near the center of the 
chambers. The chomata extend across the 
floor of the tunnel in most volutions and 
coat the ends of the septa near the tunnel 
to give them a pendant shape. 

Remarks.—Kansanella (Iowanella) win- 
terensis bears little resemblance to other 
fusulinids, such as Triticites ohtoensis, found 
in lower Missourian rocks. It differs from 
the latter especially by its larger shell, its 
more highly fluted septa, and its much more 
massive and more spreading chomata. In 
fact, K. (I.) winterensis has the most mass- 
ive chomata of any species of Upper Pennsyl- 
vanian fusulinids. Also, it differs from Penn- 
sylvanian forms of Triticites by its rela- 
tively thin spirotheca in comparison to the 
size of its shell. 

It is not considered that Kansanella 
(Iowanella) winterensis was derived from a 
stock like most Triticites found in the lower 
part of American Missourian rocks. Fur- 
thermore, it is not considered to be ancestral 
to presently known later forms in America 
such as typical species Kansanella (Kan- 
sanella). However, a common ancestor may 
have given rise to K. (J.) winterensis and 
the numerous species and varieties which 
have been described from higher in the 
stratigraphic section and are here referred 
to Kansanella, such as K. (K.) osagensts 
(Newell), K. (K.) neglectus (Newell), and 
others. All of these later species are very 
long and slender and they have irregularly 
and highly fluted septa throughout the 
length of their shells, and some of the group, 
such as K. (K.) joensis from the Iatan and 
lower Virgilian undescribed forms, have 
heavy axial fillings. However, if K. (J.) 
winterensis is related to these later species 
the relationship is considered to be distant. 

Occurrence-—Kansanella (Iowanella) win- 
terensis is abundant in the middle part of the 
Winterset limestone at Winterset, Iowa 
(I-44) where it is associated with common 
specimens of Triticites ohioensis and is less 
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common in the upper part (I-50) and the 
lower part (I-53) of the same limestone 
where it is associated with abundant speci- 
mens of T. ohioensis. Rare specimens occur 
in the Drum limestone of Iowa (I-54) in 
association with Triticites collus. 


Subgenus KANSANELLA Thompson, 
n. subgen. 


Type species: Kansanella (Kansanella) 
joensis, n. sp. 

Diagnosis.—The shell of the new subgenus 
Kansanella is moderately large and is highly 
elongate subcylindrical to irregular in 
shape; with irregular to straight or convex 
lateral slopes, straight to irregular axis of 
coiling, and rounded to bluntly pointed 
polar ends. Larger mature shells up to ten 
volutions measure up to 10.3 mm. long and 
2.6 mm. wide, giving form ratios as great 
as 6. Most species of the subgenus have 
shells that are fusiform in shape with a 
straight axis of coiling in the inner four to 
five volutions and with pointed polar ends, 
but the axes of outer volutions become more 
irregular and shifting in position and the 
general shape of the shell may become ir- 
regular in shape. The proloculus is small 
and spherical in shape and: the shell ex- 
pands slowly but about uniformly. The 
spirotheca is thin and is composed of the 
tectum and a thin keriotheca. The kerio- 
theca attains a thickness of 47 to about 70 
microns in the seventh volution of described 
species. The proloculus wall is moderately 
thick and structureless. The septa are thin 
and composed of a thin pycnotheca. They 
are irregularly fluted throughout the length 
of the shell and up the septa to the top of 
the chambers. The fluting seems non-uni- 
form from septum to septum. The tunnel 
is narrow in inner volutions and becomes 
moderately wide in outer volutions. Cho- 
mata are developed throughout the shell 
and are broad and highly asymmetrical in 
inner volutions and more nearly symmet- 
tical in outer volutions. They extend to the 
polar regions in inner volutions and spread 
along the septa and spirotheca in outer volu- 
tions for considerable distances toward the 
poles. Axial fillings are developed in the 
extreme polar regions of most if not all 
species, but they are thin and somewhat 
discontinuous. 


Remarks.—The group of fusulinids here 
referred to the subgenus Kansanella are 
exceedingly abundant in the midcontinent 
region from the Iola limestone, and perhaps 
as low as the Drum limestone, in the Mis- 
sourian up into the lower Virgilian. Several 
species have been described previously and 
referred to the genus Triticites. However, 
typical forms of Triticites are more nearly 
symmetrical in general shell growth, they 
have more nearly symmetrical chomata, 
much less intensely and more uniformly 
fluted septa, thicker spirotheca compared to 
shell size, and have a total lack of axial 
fillings. The subgenus Kansanella can be 
distinguished from the new subgenus Jowa- 
nella by its more highly elongate and irregu- 
lar slender shell, less massive chomata, and 
seemingly more widely spaced septa. 


KANSANELLA (KANSANELLA) 
_ JOENSIS Thompson, n. sp. 
‘PI. 25, fig. 1; Pl. 26, fig. 1-11 


The shell of Kansanella (Kansanella) 
joensis is of medium size and highly elongate 
fusiform to subcylindrical in shape; with 
bluntly to acutely pointed polar ends, ir- 
regular to highly crooked axis of coiling and 
subparallel to irregular or slightly inclined 
lateral surfaces. Larger shells of seven to 
nine volutions are 8.0 to 9.0 mm. long and 
1.6 to 1.9 mm. wide, giving form ratios of 
about 4.4 to 5.0. The shape of the first four 
to five volutions is somewhat inflated fusi- 
form with acutely pointed poles, but from 
the sixth volution to maturity the polar 
ends elongate rapidly and gradually results 
in a more nearly cylindrical shape at ma- 
turity. Averages of the form ratios of the 
first to the ninth volution of three speci- 
mens are 1.4, 1.9, 2.3, 2.4, 3.1, 3.6, 4.4, and 
4.8, respectively. 

The proloculus is minute in size and has 
an outside diameter of 57 to 97 microns, 
averaging 82 microns for six specimens. The 
shell is tightly coiled in the inner four to five 
volutions and becomes only slightly more 
loosely coiled in outer volutions. The gen- 
eral height of the chambers is less imme- 
diately above the tunnel than it is imme- 
diately poleward, but some specimens have 
slightly higher chambers above the tunnel 
than immediately lateral from the tunnel. 
The outer volution of all mature specimens 
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has chambers which become markedly 
higher in the near polar areas. Averages 
of the heights of the chambers above the 
tunnel in the first to the eighth volution of 
six specimens are 27, 34, 49, 73, 93, 146, 
188, and 225 microns, respectively. 

The spirotheca is thin and is composed of 
the tectum and a thin keriotheca. It is 
coated with secondary deposits throughout 
the length of the shell, probably extensions 
of chomata deposits, and gives it the im- 
pression in some places of a spirotheca with 
three layers, the lower of which is more 
transparent with faint alveoli, the middle 
of which is the tectum, and the upper of 
which is only slightly less dense than the 
tectum and is highly variable in thickness 
from the tunnel towards the poles. The 
variable points of intersection of a given 
chamber with a thin section in such a highly 
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irregular shell probably shows many differ. 
ent parts of a given chamber throughout 
the length of the shell and results in ob. 
served variability in wall thickness. Aver- 
ages of the thicknesses of the spirotheca in 
the fourth to the eighth volution of six 
specimens are 14, 21, 33, 39, and 46 mi. 
crons, respectively. Averages of the thick- 
nesses of the spirotheca in the middle of the 
chambers of the fifth to the eighth volution 
in three sagittal sections are 23, 46, 42, and 
46 microns, respectively. 

The septa are closely spaced and are 
moderately thick. They are composed of a 
thick and distinct pycnotheca. Averages of 
the septal counts of the first to the eighth 
volution of three specimens are 11, 18, 21, 
23, 25, 30, 29, and 32, respectively. The 
septa are highly and irregularly fluted 
throughout the length of the shell so as to 


Measurements of Kansanella (Kansanella) joensis, n. sp., in mm. (M-37) 


Height of volutions 


3 4 5 
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Form ratio of volutions 


Thickness of spirotheca 
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Tunnel angle (degrees) 
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2 8.4 1.8 4.7 085 .024 .045 148 — a 
3 9.1 084 .024 .031 130.137. — 
4 2.0 073.024 .033 137.171 .248 i 
5 .099 .026 .038 193.231. — 
6 .038 .037 174.264 — a 
1 1.3 1.5 1.8 2.3 2.9 3.7 4.9 5.0 — — .009 .012 mo’ .026 .045 S| 
> 6 3034423443844 —- — a 
| Speci- Septal count 
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form closed chamberlets above the tunnel. 
However, since the shell is so highly irregu- 
lar, axial sections intersect the septa so ir- 
regularly that the true nature of the septal 
fluting cannot be determined exactly. 

The tunnel path is almost straight and 
it is moderately narrow. Averages of the 
tunnel angle of the third to the eighth volu- 
tion of three specimens are 17, 19, 22, 29, 
36, and 35 degrees, respectively. The cho- 
mata are about two-thirds as high as the 
chambers, and they have steep to over- 
hanging tunnel sides and low lateral slopes 
in inner volutions but steep lateral slopes in 
outer volutions. In the first four to five volu- 
tions the chomata extend to the polar ends. 
However, deposits comparable in density to 
that of the chomata coat the tops of the 
spirotheca and sides of the septa completely 
to the polar ends throughout most of the 
shell. These deposits about half fill the 
chamber in the tunnel area of the first five 
or six volutions and are thin in outer volu- 
tions. 

Remarks.—Kansanella (Kansanella) 
joensis resembles K. (K.) neglecta more 
closely than other forms of this subgenus 
and can be distinguished from it perhaps 
more easily by its heavier axial fillings, more 
intensely fluted septa, more narrow tunnel 
angle, and more massive chomata in inner 
volutions. 

Occurrence-—Kansanella (Kansanella) 
joensis is abundant in the Iatan limestone at 
St. Joseph, Missouri, and at numerous 
places south and southeasterly from St. 
Joseph. The above description is based on 
specimens from St. Joseph (M-18) and from 
along Highway 71 southeast of St. Joseph 
(M-37). It is associated with less abundant 
specimens of Triticites tatensis, n. sp. 


KANSANELLA (KANSANELLA) TENUIS 
(Merchant & Keroher) 
Pl. 23, fig. 1-17 
Triticites tenuis MERCHANT & KEROHER, 1939, 

yg er vol. 13, p. 604-606, pl. 69, 

g. 1-3. 

Triticites caccus BURMA, 1942, Jour. Paleont., vol. 

16, p. 744-745, pl. 118, fig. 4,5. 

The shell of Kansanella (Kansanella) 
tenuis is highly elongate and irregularly 
subcylindrical in shape; with irregular to 
broadly arched axis of coiling, bluntly 
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pointed to narrowly rounded polar ends, 
and subparallel to irregular or low lateral 
slopes. Larger shells of six to eight volutions 
are 7.8 to 10.1 mm. long and 1.4 to 2.0 mm. 
wide, giving form ratios of 4.3 to 5.2. The 
holotype specimen, a submature individual, 
is 6.6 mm. long and 1.4 mm. wide, giving 
a form ratio of 4.7. The holotype specimen 
of Triticites caccus Burma, here considered 
synonymous with K. (K.) tenuis, has seven 
and a half volutions and is about 8.0 mm. 
long and 2.0 mm. wide. The first two volu- 
tions have blunt polar ends and strongly 
convex lateral surfaces, but beyond the 
second volution the shell rapidly elongates 
and develops first sharp polar ends and then 
rounded to bluntly angular polar ends at 
maturity. The averages of the form ratios of 
the first to the eighth volution of five speci- 
mens, including the holotype, are 2.0, 2.3, 
2.5, 3.2, 4.0, 4.5, and 4.8, respectively. 
Those of the holotype specimen are 2.3, 
2.5, 2.7, 3.1, 4.5, and 4.7 for the first to the 
sixth volution. The holotype specimen and 
six topotype specimens of JT. caccus have 
average form ratios of 1.7, 2.1, 2.5, 2.9, 3.6, 
3.9, 4.2, and 4.2, respectively, for the first 
eight volutions. 

The proloculus is of medium size and has 
an outside diameter of 81 to 116 microns, 
averaging 95 microns for nine specimens. 
Average heights of the first to the seventh 
volution of nine specimens are 37, 54, 81, 
132, 181, 220, and 229 microns, respectively. 
The height of the chambers is about uni- 
form in the central half of the shell, but it 
increases gradually to near the poles in the 
outer four to five volutions where it height- 
ens rapidly. 

The spirotheca is of moderate thickness 
and its keriotheca contains coarse alveoli. 
It becomes thickest in the next to last two 
volutions, but is thinner in the final volu- 
tion than in the penultimate volution. 
Averages of the thicknesses of the spiro- 
theca in the second to the seventh volution 
of nine specimens are 13, 18, 28, 46, 60, and 
64 microns, respectively. 

The septa are widely spaced. Averages 
of the septal count of the first to the seventh 
volution of four specimens are 11, 16, 18, 
22, 22, 25, and 24, respectively. The septa 
are very irregularly but highly fluted 
throughout most of the shell and form 
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i Measurements of Kansanella (Kansanella) tenuis (K-254), in mm. 
t Specimen 1 is the holotype 
i . Diam. Height of volutions 
Speci- W. Ratio of 
- prol. 1 2 3 4 5 6 7 
1 6.6 1.4 4.7 090 029 .035 .060 102 161 192 — 
2 1.9 081 033 .045 .053 104 137 181 .221 
3 10.1 2.0 5.0 109 046 «. 0811 136 201 — 
4 8.3 1.6 5.2 095 038 .066 .095 159 190 197 — 
’ 5 7.8 1.8 4.3 070 038 .044 .079 119 172 242 = .260 
6 8.1 1.6 5.1 101 036 =.051 =.083 124 190 .210 .200 
7 2.0 101 031.057 128 181 208 ~—-.239 
8 1.8 090 034 =.050 =.079 132 158 .217 .226 
9 1.8 _ 116 055 .076 .108 181 238 .257 — 
. Speci- Septal count Tunnel angle (Degrees) 
1 1 2 3 4 5 6 7 
1 - - — 2 3 399 — 
2 11 14 17 21 17.22 25 - 
3 —- — 221 3 S54 S8 — 
4 - — 21 209 41 6 — 
f 5 —— eee — — 18 33 36 45 — 
; 6 — 23 3 38 46 47 
i 7 12 17. 20 22 24 22 20 = 
8 11 15 16 20 21 26 26 - - 
Speci- Form ratio of volutions Thickness of spirotheca 


1 2 3 4 5 6 7 


: 2.3 2.5 2.7 3.1 4.5 4.7 — 
3 2.1 2.4 2.6 3.7 4.3 5.3 5.0 
4 2.1 2.3 2.6 3.6 4.7 5.0 — 
5 1.6 1.9 2.1 2.7 2.7 3.6 4.3 
4 2.0 2.3 2.7 3.1 3.6 4.0 5.1 
8 

9 


.010 .015 .013 .023 
.016 .022 .024 .053 
.010 .019 .031 .054 
.020 .027 .052 .078 .075 
.014 .021 .028 .034 .050 — 


010 .019 .038 .045 .054 .050 
— [015 .029 .060 


closed chamberlets even above the tunnel. 
However, in general, the fluting does not 
bring the septa in contact above the tunnel. 
The fluting seems to vary considerably in in- 
tensity and in height along the septa. 

The tunnel is high and broad, and its 
path is about straight. Averages of the tun- 
nel angle in the third to the seventh volu- 
tion of five specimens are 21, 32, 42, 54, and 
47 degrees, respectively. The chomata are 
narrow and highly asymmetrical. They are 
more than half as high as the chambers and 
have steep to vertical tunnel sides and steep 
but sloping lateral surfaces. 


Remarks.—Two names were proposed for 
specimens here referred to Kansanella 
(Kansanella) tenuis from the Wyandotte 
limestone of Iowa and Kansas. One of these, 
K. (K.) tenuis, was proposed by Merchant 
& Keroher for specimens from the Island 
Creek? shale member of Miami County, 
Kansas, and the other, K. (K.) caccus, was 
proposed by Burma for specimens from a 
thin shale in the upper part of the Argentine 
limestone of Iowa. Unfortunately, the holo- 
type specimen of neither is entirely pre- 
served or well oriented, and none of the 
paratypes of either, except for sagittal sec- 
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tions, is what could be called an excellent 
specimen. Both holotypes and paratypes 
have been restudied and are illustrated in 
this report. It is my conclusion that these 
two species are synonymous. It is somewhat 
unfortunate that the holotype specimen of 
K. (K.) tenuts is the poorer, but that name 
has priority. 

The above description of Kansanella 
(Kansanelia) tenuis is based on abundant 
specimens from the Iola limestone of Kansas; 
the holotype, paratype, and topotype speci- 
mens of 7. caccus from the Argentine lime- 
stone of Iowa; and the holotype and 
paratype and numerous topotype specimens 
from the Wyandotte limestone of Miami 
County, Kansas. 

Kansanella (Kansanella) tenuis resembles 
in general septal fluting and elongation and 
irregular shape of shell K. (K.) neglecta 
(Newell) and K. (K.) plicatula (Merchant 
& Keroher). These latter two species are 
somewhat more highly elongate than K. 
(K.) tenuis, are more nearly cylindrical in 
shape, and seeming all have more intensely 
fluted septa. They both have larger chomata 
and more distinct and heavier axial fillings. 

Occurrence.—Kansanella (Kansanella) 
tenuis was originally described from the 
Island Creek (?) shale member of the Wyan- 
dotte limestone of Miami County, Kansas 
(K-254). It is abundant in the Iola lime- 
stone of Kansas (K-182), the Argentine 
limestone member of the Wyandotte of 
Iowa (I-60), and questionably in the Dewey 
limestone of Iowa (I-54). 


KANSANELLA (KANSANELLA) 
OSAGENSIS (Newell) 
Pl. 25, fig. 10-18 

Triticites osagensis NEWELL, 1934, Jour. Paleont., 

vol. 8, p. 423, 424, pl. 52, fig. 4a—4f, pl. 53, fig. 4. 

The shell of Kansanella (Kansanella) 
osagensis is one of the most highly elongate 
and slender of the American Pennsylvanian 
fusulinids. It has an irregular to broadly 
curving axis of coiling, bluntly pointed 
polar ends, and subparallel to irregular 
lateral slopes. Mature shells of six and a half 
to seven and a half volutions are 7.8 to 8.9 
mm. long and 1.3 to 1.7 mm. wide, giving 
form ratios of 5.0 to 6.0. The first one to 
three volutions are short and ellipsoidal in 
shape, but beyond the third volution the 
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axes of coiling rapidly elongate. Averages of 
the form ratios of the first to the seventh 
volution of five topotype specimens are 1.7, 
2.4, 2.9, 3.4, 4.7, 5.4, and 5.4, respectively. 
A form ratio of 6.0 is attained in the sixth 
volution of some specimens. 

The proloculus is spherical to slightly ir- 
regular in shape and has an outside diameter 
of 80 to 122 microns, averaging 96 microns 
for six specimens, The shell expands slowly 
for the first three to four volutions, and the 
outer volutions are relatively inflated. 
Averages of the heights of the chambers 
above the tunnel in the first to the seventh 
volution of eight specimens are 34, 42, 56, 
82, 124, 186, and 240 microns, respectively. 

The spirotheca is of moderate thickness. 
As was pointed out by Newell, the spiro- 
theca increases in thickness sharply between 
the fourth and sixth volutions. Averages of 
the thicknesses of the spirotheca in the 
third to the seventh volution of eight topo- 
type specimens are 18, 24, 36, 50, and 64 
microns, respectively. The proloculus wall 
is considerably thicker than the spirotheca 
of the first two volutions. It is about 13 mi- 
crons thick. The keriotheca has moderately 
coarse alveoli in the outer volutions and 
contains a thin upper keriotheca and rela- 
tively thick lower keriotheca. The two parts 
of the keriotheca are not very distinct in 
inner volutions. In contrast to most fusu- 
linids, the spirotheca is thinnest in the tun- 
nel area and thickens slightly poleward and 
is thickest in the polar ends just toward the 
middle of the shell. 

The septa are closely spaced and are of 
moderate thickness. They are fluted some- 
what irregularly throughout the length of 
the shell and completely to the tops of the 
chambers, and closed chamberlets are pres- 
ent even above the tunnel. Averages of the 
septal counts of the first to the seventh 
volution of three specimens are 12, 16, 18, 
21, 24, 25, and 30, respectively. 

The tunnel is narrow in the inner volu- 
tion, and its path is about straight through- 
out the shell. Averages of the tunnel angles 
in the third to the seventh volution of five 
specimens are 26, 40, 49, 54, and 62 degrees, 
respectively. The chomata are very broad 
in the first three to four volutions and have 
steep tunnel sides and low poleward slopes. 
In outer volutions the chomata are more 
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Measurements of Kansanella (Kansanella) osagensis (Newell), in mm. 


. 


types; and /8, axial section of the holotype. /0,11,12,16,17, and 18 are of specimens 8, 7, 
i 6, 4, 2, and 9 of measurements (O-4). 


. Diam. Height of volutions 
W. Ratio of 
1 2 3 § 6 7 8 
1 8.47 1.54 5.5 -101  .029 .040 .056 .073 .103 .161 — — 
2 8.38 1.58 5.3 .079 .045 .052 .091 .150 .227 —  —. 
3 7.58 1.52 5.0 113 .036 .050 .054 .093 .145 .181 — — 
4 8.87 1.49 6.0 122 .035 .046 .063 .092 .134 .171 — — 
f 5 7.80 1.33 5.8 .080 .036 .044 .056 .080 .118 .188 — — 
6 1.63 .033 .039 .049 .070 .096 .152 .200 .249 
7 1.68 — .083 .034 .041 .058 .080 .118 .216 — 
8 1.71 .035 .034 .062 .079 .124 .199 — — 
Speci- Form ratio of volutions Thickness of spirotheca 
i 1 1.7 2.8 3.5 3.0 4.6 4.5 5.5 .012 .014 .019 .019 .029 .035 — — 
2 1.6 2.0 2.6 4.1 4.6 6.0 5.3 .012 .013 .013 .023 .041 .049 — — 
3 1.6 2.1 2.5 3.4 4.2 5.4 5.0 .012 — .018 .026 .038 .055 .067 — 
4 1.7 2.5 3.0 3.5 5.7 60 — .011 .016 .018 .029 .033 .045 .060 - 
t 5 1.8 2.8 2.9 3.2 4.2 4.9 5.8 .011 .015 .019 .023 .039 .056 .068 — 
j 6 - - .010 .015 .018 .022 .029 .047 .054 .055 
7 — — .012 .013 .021 .024 .040 .047 .057 — 
8 .012 — .019 .027 .037 .066 .078 — 
Speci- Septal count Tunnel angle (degrees) 
_— 1 2 3 4 5 6 7 1 2 3 4 5 6 7 
1 — 12 14 22 32 52 Si — 
2 — — — 10 13 26 42 43 48 — 
3 — 11 16 21 41 58 — — 
4 12 25 38 47 44 56 — 
5 15 26 23 37 49 60 — 
6 12 15 16 20 24 23 29 
7 10 17 20 23 24 2 32 = 
8 13 15 19 21 23 24 29 —- = 
i EXPLANATION OF PLATE 25 
; All illustrations on this plate are unretouched photographs, and all are magnified X10 except /, 
which is X20. 
Fic. 1—Kansanella (Kansanella) joensis Thompson, n. sp. Axial section of the holotype from the Iatan 
j limestone (M-37). Specimen 2 of measurements. 
2-9—Kansanella (Kansanella) neglecta (Newell). 2-5, Sagittal sections; 6,7, axial sections; and 
8,9, tangential sections showing the nature of fluting. 4,5,6, and 7 are of specimens 7, 6, a, 
and 4 aK — All from the Captain Creek limestone member of the Stanton lime- 
4 stone (K-214). 
10-18—Kansanella (Kansanella) osagensis (Newell). 10-13, Sagittal sections of topotypes; /4, 
tangential section of a paratype showing nature of fluting; 15-17, axial sections of topo- 
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nearly symmetrical. However, the chomata 
spread onto the septa completely to the 
polar ends of the inner four to five volutions 
and about half way to the poles of outer 
volutions. Light axial fillings occur through- 
out most inner volutions. 

Remarks.—Kansanella (Kansanella) 
osagensis can be distinguished from most 
somewhat similar species by its more elon- 
gate and slender shell. It is perhaps most 
closely similar to K. (K.) neglecta from the 
Shawnee group. It can be distinguished 
from K. (K.) neglecta by its more loosely 
coiled shell, larger form ratio, larger tunnel 
angle, less massive chomata, more intensely 
fluted septa, and perhaps more uniform 
shell. 

Occurrence.—Kansanella (Kansanella) 
osagensis is abundant in a limestone exposed 
in Osage County, Oklahoma (0-4) about 
two miles north of Avant and possibly in a 
calcareous sandstone four or five miles north 
of Bartlesville, Oklahoma. This general 
horizon is about 60 feet above the Avant 
limestone, the latter of which is considered 
to be equivalent in part at least to the Iola 
limestone of Kansas. 


KANSANELLA (KANSANELLA) NEGLECTA 
(Newell) 
Pl. 25, fig. 2-9; Pl. 26, fig. 12,13 
Triticites neglectus NEWELL, 1934, Jour. Paleont., 
vol. 8, p. 422,423, pl. 52, fig. 2a,2b, pl. 53, fig. 

la,ib; BurMA, 1942, Jour. Paleont., vol. 16, 

p. 748, p. 118, fig. 3,6; (2?) THomMpson, VER- 

VILLE, & BissELL, 1950, Jour. Paleont., vol. 

24, p. 454,455, pl. 59, fig. 7-12. 

The shell of Kansanella (Kansanella) 
neglecta is irregularly elongate subcylindri- 
cal in shape; with arcuate to crooked axis of 
coiling, acute to blunt polar ends, and ir- 
regularly parallel lateral surfaces. Larger 
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shells of six to seven volutions are 7.0 to 7.6 
mm. long and 1.2 to 1.7 mm. wide, giving 
form ratios of 4.5 to 5.5. The first one to 
three volutions have acutely pointed polar 
ends and convex lateral surfaces, but the 
outer volutions have irregularly convex 
lateral surfaces which become more highly 
irregular with growth of the individual. 
Averages of the form ratios of the first to 
the seventh volution of four topotype speci- 
mens are 1.5, 1.9, 2.6, 3.0, 4.1, 4.8, and 5.2, 
respectively. 

The proloculus is small and has an out- 
side diameter of 90 to 131 microns, averag- 
ing 110 microns for five topotype specimens. 
The shell expands rather uniformly to the 
third or fourth volution and rapidly during 
the following volution. Averages of the 
heights of the chambers near the middle of 
the first to the seventh volution are 34, 41, 
58, 80, 132, 170, and 203 microns, respec- 
tively. 

The spirotheca is of near the same thick- 
ness throughout the length of the shell, ex- 
cept that it thins rapidly in the extreme 
polar ends. The proloculus wall is moder- 
ately thick but seems structureless. How- 
ever, the spirotheca of the first two volu- 
tions is too thin to measure accurately. 
Averages of the thickness of the spirotheca 
near the center of the third to the seventh 
volution of seven topotypes are 15, 20, 30, 
47, and 50 microns, respectively. Only the 
outer volutions show a distinctly kerio- 
thecal spirotheca. 

The septa are closely spaced throughout 
the shell. Averages of the septal counts of 
the first to the seventh volution of three 
topotypes are 12, 17, 20, 23, 24, 27, and 31, 
respectively. The septa are fluted to some 
degree to the tops of the chambers through- 
out the length of the shell, so as to form 


EXPLANATION OF PLATE 26 
All illustrations on this plate are unretouched photographs. 


Fic. 1-11—Kansanella (Kansanella) joensis Thompson, n. sp. 1,2,10, Axial sections of paratypes; 5, 
axial section of the holotype; 3,4,6,7,11, sagittal sections of paratypes; and 8,9, tangential 
sections of paratypes showing fluting. /,3(=11),4(=6),5, and 7 are of specimens 1, 6, 5, 2, 


the Iatan limestone (M-37). 


and 4 of measurements. 1,3,4,7, and 10 are magnified X20, and all others are X10. From 


12-13—Kansanella (Kansanella) neglecta (Newell). Axial sections of topotype (K-214), X10. 12 
is specimen 3 and J/3 is specimen 1 of measurements. 
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closed chamberlets above the tunnel. Septal 
pores are abundant throughout the shell 
but seem more closely spaced in the polar 
areas. 

The tunnel is narrow in the inner volu- 
tion and becomes wide in outer volutions. 
The tunnel path is straight, and averages 
of the tunnel angles in the third to the sixth 
volution of four specimens are 29, 36, 47, 
and 52 degrees, respectively. The chomata 
are best developed in the inner three to four 
volutions where they have steep tunnel sides 
and very low poleward slopes that extend to 
the polar zones to join with light axial fill- 
ings. In outer volutions they are more 
nearly symmetrical and are considerably 
more narrow. Axial fillings are heavy in 
inner volutions where they almost fill the 


chambers. They are light and seem discon- 
tinuous in outer volutions. 

Remarks.—Kansanella (Kansanella) 
neglecta resembles K. (K.) osagensts and K, 
(K.) plicatula more closely than any other 
species. It can be distinguished from K, 
(K.) osagensis with difficulty and may pos- 
sibly be conspecific with that form. Many 
of the measurable features of both are of 
near the same value. However, K. (K.) 
neglecta seems to be somewhat smaller for 
specimens of equal volutions, and mature 
shells have smaller form ratios. 

Kansanella (Kansanella) plicatula re- 
sembles K. (K.) neglecta somewhat closely 
and can be distinguished from this: form 
most easily by its larger shell, more loosely 
coiled shell, larger form ratios for corre 


Measurements of Kansanella (Kansanella) neglecta (Newell) (K-214), in mm. 


: Diam. Height of volutions 
L. W. Ratio of 
prol. 1 2 3 4 5 6 7 
1 7.56 1.55 4.9 .037. .038 .064 .069 .115 .175 .207 
2 7.43 1.36 5.5 .116 .034 .035 .048 .069 .112 .134 8.209 
3 7.63 1.70 4.5 .045 .060 .111 .187 .220 .250 
4 7.05 1.46 4.8 .090 .030 .037 .057 .081 .132 .177 .250 
5 — 1.20 — .037 .052 .066 .170 — 
6 — 14 — — .061 .089 .151 
7 — 1.44 .108 .042 .066 .077. .115 .164 202 
" 5 Form ratio of volutions Thickness of spirotheca 
Speci- 
im 1 1.9 2.1 2.7 3.6 3.9 4.8 4.9 — .011 .014 .017 .023 .039 .055 
i 2 1.5 1.7 2.5 2.7 4.2 4.8 5.5 .012) .012. .014  .016 .023 .037 .054 
3 1.4 1.8 2.4 2.9 4.0 4.8 — .013 .015 .027 .047 .062 .066 
; 4 1.3 2.1 2.9 2.8 4.4 5.0 — .010 .013 .015 .019 .026 .054 .062 
5 - .013 .015 .020 .033 .043 — 
6 — .014 .015 .019 .031 .046 — 
4 Speci- Septal count Tunnel angles (degrees) 
} — 1 2 3 4 5 6 7 1 2 3 4 5 6 
1 — — 15 17 27 32 37 48 
2 — 20 23 31 32 50 56 
4 3 — 16 20 31 42 43 
4 16 19 25 39 59 — 
5 13 18 20 24 24 28 — 
6 11 16 19 24 23 26 — — -— - - = == 
7 12 18 20 22 25 27 31 — — 2 
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sponding volutions, and perhaps more ir- 
regularly fluted septa. 

Occurrence—Kansanella (Kansanella) ne- 
glecta is abundant in the Captain Creek 
limestone member of the Stanton limestone 
(K-214). The above description is based on 
topotype specimens from Miami County, 
Kansas (K-214). Specimens here referred 
with question to this species were described 
by Thompson, Verville, & Bissell from the 
Oquirrh formation of Utah. It now seems 
unlikely that the Utah specimens are closely 
related to this form. 


KANSANELLA (KANSANELLA) PLICATULA 
(Merchant & Keroher) 
Pl. 24, fig. 1-13 
Triticites plicatulus MERCHANT & KEROHER, 

1939, Jour. Paleont., vol. 13, p. 609-611, pl. 60, 

fig. 13-15. BuRMA, 1942, Jour. Paleont., vol. 16, 

p. 747-748. (?) THomMpsoN, VERVILLE, & Bis- 

SELL, 1950, Jour. Paleont., vol. 24, p. 453-454, 

pl. 60, fig. 16, pl. 61, fig. 11-16. 

The shell of Kansanella (Kansanella) 
plicatula is large and elongate subcylindrical 
in shape; with irregular to arcuate axis of 
coiling, broadly rounded to bluntly pointed 
polar ends, and irregular lateral slopes. 
Larger shells of six and a half to nine volu- 
tions are 9.2 to 10.2 mm. long and 1.8 to 2.6 
mm. wide, giving a form ratio of 3.8 to 5.1. 
The first three or four volutions are inflated 
fusiform in shape, with pointed polar ends 
and convex lateral slopes, but the outer 
volutions have about parallel lateral slopes 
and more blunt polar ends. Averages of the 
form ratios of the first to the seventh volu- 
tion of the holotype and four topotype speci- 
mens are 1.3, 2.2, 2.3, 2.5, 3.8, 4.2, and 4.3, 
respectively. 

The proloculus is small, and its outside 
diameter measures 88 to 117 microns, aver- 
aging 101 microns for eleven specimens. The 
first two to three volutions are tightly 
coiled, but the outer volutions gradually be- 
come more loosely coiled. Averages of the 
height of the chambers near the tunnel of 
the first to the ninth volution of eleven 
specimens, including the holotype, are 36, 
50, 72, 105, 161, 208, 255, 266, and 250 
microns, respectively. As these figures show, 
the last three volutions are near the same 
height with the last volution of most large 
specimens decreasing slightly. The cham- 


bers are of about the same height in the 
central half of the shell but they increase 
in height sharply in the extreme polar areas. 

The spirotheca is thin in comparison to 
the large size of the shell. It is distinctly 
alveolar but the alveoli of the keriotheca 
show best in outer volutions. Averages of 
the thicknesses of the spirotheca in the third 
to the ninth volution of eleven specimens 
are 19, 24, 34, 52, 64, 70, and 73 microns, 
respectively. The proloculus wall measures 
about 12 microns. 

The septa are closely spaced in inner 
volutions but become widely spaced in 
outer volutions of mature specimens. They 
are moderately thick and are composed of a 
distinct pycnotheca as in other schwager- 
inids. Averages of the septal counts of the 
first to the eighth volution of six specimens 
are 12, 18, 20, 24, 24, 28, 29, and 30, respec- 
tively. The septa are fluted throughout the 
length of the shell so as to form closed 
chamberlets to above the tunnel, and they 
are broadly and regularly fluted to the tops 
of the chambers. However, the fluting does 
not seem of uniform intensity at a given 
height along the septa. Also, the fluting is 
highly irregular along the septa with vari- 
able degrees of intensity in all directions. 
The heights of the folds become greater, 
however, toward the polar ends and reach 
the tops of the chambers in the polar region. 

The tunnel is relatively narrow and its 
path is about straight. Averages of the tun- 
nel angle in the third to the seventh volu- 
tion of five specimens are 25, 34, 48, 54, and 
49 degrees, respectively. The chomata are 
about half to two-thirds as high as the 
chambers and are wide in inner volutions 
and narrow in outer volutions. Their low 
lateral slopes extend to the poles in the third 
to fourth volutions but the lateral slopes in 
the outer few volutions are steep. Axial fill- 
ings seem confined to the inner volutions. 

Remarks——Kansanella (Kansanella) pli- 
catula is one of the largest of the Missourian 
fusulinids in the midcontinent region. It can 
be distinguished from most other Missourian 
fusulinids by its long irregular and large 
shell, rather intensely fluted septa, and 
relatively thin spirotheca. It resembles most 
closely K. (K.) neglecta (Newell) and K. (K.) 
osagensis (Newell). From the latter it can 
be distinguished by its larger shell, thicker 
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Measurements of Kansanella (Kansanella) plicatula (Merchant & Keroher), in mm. 


. Diam. Height of volutions 
W. Ratio of 
prol. 1 3 4 5 6 7 8 9 

1 9.58 2.04 4.7 .102 .033 .040 .053 .084 .111 .217 .297 .289 — 
2 10.24 2.18 4.7 .092 .037 .046 .088 .122 .183 .263 .267 — 
3 9.13 1.99 4.5 .117  .040 .059 .061 .099 .176 .201 .244 — 

4 9.21 1.81 5.1 .039 .064 .210 .223 .248 — 

5 9.29 2.47 3.8 .115 .036 .051 .077 .121 .150 .235 .324 .256 - 
6 2.56 — =.038 .054 .066 .089 .154 .159 .226 .281 .264 
7 — 2.05 — .088 .051 .074 .136 .209 .217  .249 — 
8 — 2.12 — .033 .044 .055 .068 .106 .151 .213 .241 .236 
9 — 1.86 — 117.032) .041 > 

10 — 215 — .088 .053 .256 

11 .088 .041 .069 .079 .117  .159 .248 .218 

Speci- Form ratio of volutions Thickness of spirotheca 
1 1.2 2.1 2.2 2.8 3.5 4.14.3 —  .010 .010 .014 .017 .021 .042 .067 .073 — 
2 1.2 2.4 2.22.54.3 4.54.5 —  .011 — .020 .030 .044 .070 .088 — - 
3 1.1 2.0 2.2 2.5 3.84.2 4.4 — — — .016 .021 .031 .052 .059 — 

4 1.32.1 2.43.5 4.24.7 — — — .015 .024 .031 .046 .056 .061 — 

5 1.7 2.4 2.6 2.9 3.1 3.5 3.9 3.8  .010 .011 .016 .026 .033 .059 .070 .066 -—- 
6 —- — — .020 .022 .034 .052 .054 .064 .068 
7 — .015 .022 .032 .040 .056 .058 .080 — 
8 — — .016 .016 .028 .030 .068 .066 .079 
9 — — — — — .016 .020 .022 .032 .051 .060 — — 
10 — — — — .017 .024 .029 .034 .051 .057 — — 
11 — — — — .O11 .017 .022 .027 .030 .050 .060 .068 — 

Speci- Septal count Tunnel angle (degrees) 

@ 12 3 4 5 6 7 8 
1 — — 12 24 31 3 58 — 
2 - — — 21 3 74 — — 
3 — — — 46 66 — — 
5 — — 45 37 46 41 40 — 
6 — 25 26 28 29 34 32 36 35 
7 11 20 19 24 26 2 34 — — 
8 13 — 17 21 20 24 27 #30 — 
9 13 17 22 24 2 26 24 —- — 
10 122 15 22 20 21 — 
11 10 15 15 26 26 28 27 23 — —— io 


Shell, and more widely spaced septa. From 
the former it can be distinguished by its 
larger shell in all features, more inflated 
outer volution, and more blunt polar ends 
near maturity. 

After a detailed study of the holotype 
and paratype specimens of Kansanella 
(Kansanella) plicatula and numerous well- 


preserved topotype specimens it is consid- 
ered that the species described and illus- 
trated by Thompson, Verville, & Bissell as 
Triticites plicatulus? from the Oquirrh for- 
mation of Utah can be distinguished from 
that species by its less intensely fluted septa 
and larger tunnel angles for corresponding 
volutions. However, it is entirely possible 
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that these differences are due in part to en- 
vironmental conditions and the two may be 
of the same species. Until the geographic 
variation of species are determined and the 
effect of environments are better under- 
stood, they will remain referred to with 
question as the same species. 

Occurrence.—Kansanella (Kansanella) pli- 
catula is abundant in the Spring Hill lime- 
stone member of the Plattsburg limestone 
(K-250). Specimens referred with question 
to this species are abundant in the Oquirrh 
formation of Utah. 


Genus TRITICITEs Girty 
TRITICITES OHIOENSIS Thompson 
Pl. 27, fig. 1-8 

Triticites irregularis DUNBAR & Conpra, 1928, 

Nebraska Geol. Survey, Bull. 2, 2nd ser., 
. 108-111, pl. 8, fig. 7-10 (1927). (? part) 

Ware, 1932, Univ. Texas Bull., No. 3211, 

p. 51-52, pl. 4, fig. 7-9. NEWELL, 1934, Jour. 

Paleont., vol. 8, p. 423, pl. 52, fig. 1. (?) MER- 

CHANT & KEROHER, 1939, Jour. Paleont., vol. 

13, p. 600-603, text fig. 2-1, pl. 69, fig. 4. 

Burma, 1942, Jour. Paleont., vol. 16, p. 743. 

(Not Staff, 1912) 

Triticites ohioensis THOMPSON, 1936, Jour. 
Paleont., vol. 10, p. 680-682, pl. 91, fig. 1-3. 
DuNBAR & HENBEST, 1942, III. Geol. Survey, 
Bull. 67, p. 130-132, pl. 19, fig. 1-22, pl. 20, 
fig. 20-24. THompson, 1948, Kansas Univ. 
Paleont. Contr., art. 1, pl. 8, fig. 5. (Not 
Thompson, Verville & Bissell, 1950) 

The shell of Triticttes ohioensis is moder- 
ately large in size and highly elongate sub- 
cylindrical in shape; with irregular, broadly 
curving, to straight axis of coiling, pointed 
to blunt polar ends, and parallel to irregular 
or slightly sloping lateral slopes. Mature 
shells of six to seven and a half volutions are 
6.8 to 9.0 mm. long and 1.5 to 1.8 mm. wide, 
giving form ratios of 4.0 to 5.0. The average 
form ratio of eight specimens is about 4.6. 
The first two to three volutions are ellip- 
soidal in shape with convex lateral surfaces 
and narrowly rounded polar ends, and the 
following two to three volutions have sub- 
parallel irregular lateral slopes and more 
blunt polar ends. Averages of the form 
ratios of the first to the seventh volution of 
four specimens are 1.3, 2.3, 2.7, 3.5, 3.7, 
4.4, and 4.6, respectively. 

The proloculus is minute and has an out- 
side diameter of 66 to 86 microns, averaging 
79 microns for six specimens. The shell ex- 
pands rather slowly and uniformly through- 
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out growth. The chambers are about 34, 46, 
81, 121, 178, 207, and 211 microns high 
above the tunnel in the first to the seventh 
volution, respectively, in seven specimens. 
The chambers are lowest above the tunnel, 
and they increase in height slowly poleward 
for about half the distance to the polar ends 
and increase in height sharply in the polar 
end of the shell. Since the lateral slopes are 
irregular, the heights of the chambers are 
variable in any given specimen in the end 
areas. 

The spirotheca is thin but has a structure 
typical of the genus throughout the shell. 
It is of nearly the same thickness through- 
out the central two-thirds of the length of 
the shell. The keriotheca of the inner three 
to four volutions is thin and does not show 
distinct alveoli in all specimens. It is evi- 
dent, however, that the keriotheca is alveo- 
lar as in higher forms of the genus with 
thicker keriotheca. Averages of the thick- 
ness of the spirotheca above the tunnel in 
the first to the seventh volution of seven 
specimens are 8, 12, 19, 28, 39, 51, and 46 
microns, respectively. The proloculus wall 
measures about 9 microns. 

The septa are closely spaced. They are 
irregularly and highly fluted in the polar 
quarters of the shell but are only slightly 
irregular in the central part of the shell. 
Their attitude is almost perfectly normal to 
the tangent in the area of the tunnel. Aver- 
ages of the septal counts in the first to the 
sixth volution of three specimens are 10, 14, 
17, 20, 24, and 26, respectively. Septal pores 
are abundant. 

The tunnel is very broad, and its path is 
slightly irregular. The tunnel width in- 
creases rapidly from the third volution to 
maturity. Averages of the tunnel angles in 
the third to the sixth volution are 26, 33, 
42, and 47 degrees, respectively. The cho- 
mata are very broad and highly asymmet- 
rical in the inner three to four volutions. In 
fact, they extend to the polar areas in the 
first two volutions. They become narrow 
and more nearly symmetrical in outer volu- 
tions. 

Remarks.—The above description of Tri- 
ticites ohioensis is based entirely on speci- 
mens from the lower part of the Winterset 
limestone, Iowa (I-50). However, specimens 
are also illustrated from 8 feet higher in the 
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Winterset (I-53). The large, elongate, and 
narrow shell and the slight fluting of the 
septa in the central part of the shell of 
Triticites ohioensts distinguish it from most 
other Missourian species of Triticites. 
Staff (1912) proposed the name Fusulina 
a centralis irregularts for various collections of 
fusulinids from North America. It is evident 
that he referred a large variety of fusulinids 
to the subspecies. However, Thompson 
(1936) redefined the form as Triticites ir- 
j regularis (Staff) to the extent that he se- 
‘ lected as the holotype the specimen from 
Kansas illustrated by Staff as figure 10 on 
his plate 13. Unfortunately, Staff did not 
is give the locality or stratigraphic position 
of this specimen and he did not indicate its 
magnification. Since so little information is 
| available concerning the holotype specimen 
of T. irregularis it may be impossible to de- 
termine its features until Staff’s specimen 
is restudied. 
Thompson (1936) took the stand that 
since the holotype of Triticites irregularis 
F is so poorly understood we should define 
the species as including the species so abun- 
dant in the Winterset limestone of Iowa. 
: However, the holotype specimen has a shape 
that is different from the Winterset speci- 
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mens. Furthermore, there are several species 
in the Kansas Missourian section which 
seem more closely similar to the holotype 
than does the form from Iowa. Until a re. 
study of the holotype is made, T. irregularis 
must remain an unidentifiable species. 

Several differences were pointed out by: 
Thompson between the type specimens of 
Triticites ohioensts and the specimens so 
abundant in the Winterset limestone of 
Iowa. Further collections from the Winter- 
set, however, have yielded a great abun- 
dance of specimens from the lower part of the 
Winterset, 8 feet below the specimen studied 
earlier, which seem almost identical to the 
holotype of TJ. ohioensis. Furthermore, 
numerous measurements of specimens from 
throughout the Winterset seem to demon- 
strate that only one species is present in 
this abundant fauna of long slender Triti- 
cites. 

Triticites ohioensis is associated in the 
upper part of the Winterset (I-50) and the 
lower part of the Winterset (I-53) with 
scarce specimens of Kansanella (Iowanella) 
winterensis and in the middle part of the 
Winterset (I-44) with abundant specimens 
of the same species. 

Occurrence.—Triticites ohioensis has been 


Measurements of Triticites ohioensis Thompson, in mm. (I-50) 


Form ratio of volutions 


Ritet. Diam. Height of volutions 
W. Ratio of 

pol. 1 2 3 4 5 6 7 1 2 3 4 5 6 7 
1 8.21.8 4.6 —  .031 .051 .076 .120 .180 .230 — 1.21.9 1.9 2.6 4.4 4.1 4.6 
: 2 7.01.7 4.0 .079 .029 .049 .073 .117 .166 .234 — 1.5 2.2 2.6 3.5 4.3 4.7 4.0 
7.61.6 4.7 .070 .026 .045 .068 .098 .201 .246 — 2.0 3.03.04.64.7 — — 
id 4 9.01.8 4.9 — — .057 .081 .131 .187 .200 — 1.31.9 2.74.2 4.4 5.1 4.7 
§ — 1.5 — .079 .033 .046 .088 .141 .218 .236 — — — — — — — — 
6 — 1.5 — — .027 .039 .061 .092 .161 .227 .234 — — — 
ik 7 —1.7 — — — .038 .057 .081 .089 — — — 

, Speci- Thickness of spirotheca Septal count —. 

men 

f 12 3 4 5 6 7 1234567 123456 
: 1 .012 .019 .023 .035 .044 .051 — ——— —— — — — — 21 27 39 44 
! 2 011 .018 .027 .034 .043 .056 — ——————— — — 20 30 36 49 
3 — .020 .022 .030 .051 .045 — ————-—-—— — — 24 31 40 46 
4 — .021 .024 .035 .043 .057 — ——————— — — 33 36 42 47 
5 .014 .023 .027 .034 .041 .052 — 12 15 16 20 2427 — —————-— 
t 6 — — .021 .033 .039 .068 .070 10 14 18 20 22 2424 —————— 
7 — .010 .018 .023 .034 — — — 14 16 20 23 24— = =—————— 
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identified from the Cambridge and Brush 
Creek limestones of Ohio, the Livingston 
and Omega limestones of Illinois, from a 
limestone in western Kentucky, and is 
abundant in the Winterset limestone of 
Iowa (I-50, I-44, I-53). The species T. ir- 
regularis has been identified from numerous 
areas of central United States, including 
Kansas (Staff, 1912; Merchant & Keroher, 
1939), central Texas (Dunbar & Condra, 
1928; White, 1932), and Utah (Thompson, 
Verville & Bissell, 1950). Since 7. irregularis 
has been defined most commonly in the past 
as including the Winterset species here de- 
scribed as T. ohioensts, it seems likely that 
some of these other occurrences may also 
refer to this species. Some of them, how- 
ever, are not considered to represent this 
species. 


TRITICITES COLLUS Burma 
Pl. 27, fig. 9-15 


Triticites collus Burma, 1942, Jour. Paleont., 
vol. 16, p. 744, pl. 118, fig. 9-14. 


Triticites collus was described by Burma 
from the Dewey limestone exposed south- 
west of Winterset, Iowa. It seems that he 
may have had a number of specimens on 
which the species was based, but he illus- 
trated only one axial and one sagittal sec- 
tion. The axial section illustrated by his 
figure 9 on plate 118 is here designated as 
the holotype. This seems especially neces- 
sary since two species are present in the 
Dewey at this locality, and he may well have 
been studying some of both. Only the holo- 
type axial section and the illustrated sagittal 
section are present among Burma’s types 
at Wisconsin. 

I have obtained numerous topotype 
specimens which are conspecific with the 
holotype and the measurements here given 
are taken from Burma’s type specimens and 
from topotype specimens. 

The shell of Triticites collus is elongate 
fusiform in shape; with curved or near 
straight axis of coiling, slightly convex to 
regular lateral slopes, and blunt to narrowly 
rounded polar ends. Larger shells of seven 
to eight volutions are 6.4 to 7.6 mm. long 
and 1.6 to 2.1 mm. wide, giving form ratios 
of 3.6 to 4.3. The first volution is short and 
inflated, but the shell rapidly becomes 
elongated as maturity is approached. Aver- 


age form ratios of the first to the seventh 
volution of four specimens, including the 
holotype, are 1.2, 2.0, 2.4, 2.5, 2.7, 3.5, and 
4.0, respectively. 

The proloculus is small and has an out- 
side diameter of 70 to 95 microns, averaging 
82 microns for six specimens. The shell ex- 
pands slowly but about uniformly. Aver- 
ages of the heights of the chambers in the 
first to the eighth volution of six specimens 
are 29, 41, 60, 85, 90, 189, 219, and 210 
microns, respectively. 

The spirotheca is thin but is distinctly al- 
veolar in all volutions. It is thickest above 
the tunnel but becomes thinner slowly to- 
ward the poles. The proloculus wall is only 
about 8 microns thick. Averages of the 
thicknesses of the spirotheca in the third to 
the eighth volution of six specimens are 14, 
18, 27, 40, 63, and 45 microns, respectively. 

The septa are thin and are numerous. 
Averages of the septal counts of the first 
to the seventh volution are about 12, 19, 22, 
25, 28, 33, and 34, respectively. The septa 


are fluted completely to the tops of the 


chambers in the polar region, but they are 
fluted only in their lower half across the 
middle of the shell. Although the fluting ex- 
tends across the shell it does not seem to be 
regular. Septal pores are abundant. 

The tunnel is narrow in the inner three 
to four volutions but it becomes moderately 
wide in the outer two to three volutions. 
The chomata are very high and broad in the 
inner four or five volutions but they become 
narrow but high in outer volutions. In the 
inner volutions their tunnel sides are steep 
but their lateral sides are low and extend to 
the polar zones. Averages of the tunnel an- 
gles in the third to the seventh volution of 
five specimens are 23, 26, 36, 48, and 52 
degrees, respectively. 

Remarks.—Triticites collus can be distin- 
guished from most other fusulinids in lower 
Missourian rocks by its large size, massive 
chomata, and more intensely fluted septa. 
This is especially true for distinguishing it 
from T. nebraskensis, T. burgessae, and T. 
pygmaeus, It can be distinguished from T. 
ohioensis by its shorter shell, more highly 
fluted septa, and more massive chomata. 

Occurrence.—Triticites collus is abundant 
in the upper part of the Dewey limestone in 
Iowa (I-45, I-54, I-8). The holotypes came 
from the same locality. 
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Diam. Height of volutions 


4 

HH Measurements of Triticites collus Burma, in mm. 


Speci- oy, W. Ratio of 


vol. 16, p. 744, pl. 118, fig. 2,13. 


men prol. 1 > @ 
1 6.4 1.6 3.6 095 034 .049 .059 .106 .152 .199 .188 — 
2 2.1 083 .029 .040 .089 .104 .122 .189 .223 .239 
3 7.6 1.8 4.3 070 .030 .035 .068 .070 .129 .214 — = 
4 6.6 1.8 4.1 086 .033 .056 .067 .107 .193 .224 — 
5 6.4 1.6 4.1 078 .032. .045 .035 .087 .111 .177 — 
{ 10 — 1.6 = 080 025 .041 .052 .076 .099 .167 .221 .181 
} — 
Speci- Form ratio of volutions Thickness of spirotheca 
1 2:33 25 2:57 30 35 4:1 — .009 .012 .016 .033 .048 .049 — 
2 .011 .013 .019 .022 .026 . 034 .059 .048 
3 1.9 2.0 2.5 3.0 3.4 4.1 4.3 .007 .009 .012 .016 .030 .049 .065 
i 4 10 2:5 20 2.3 2.9 2.7 3.3 .008 .010 .016 .020 .023 .035 .054 — 
/ 5 14 230 24 2:59 23% 3:5 4:2 .009 — .011 .021 .027 .041 — 
10 .008 .011 .012 .015 .025 .035 .039 .043 
| Speci- Septal count Tunnel angle (degrees) 
mn 2 3 4 5 6 7 ter 
1 = = — _ — 17 23 3 47 — 
2 10 16 20 23 29 33 33 SSS SS 
3 — — — 29 35 42 $5 — 
+ — — — 22 31 42 — 
6 — _ — — — — 31 18 24 37 — 
Specimens 1 and 2 are original types and others are from Collection I-45. 
} TRITICITES BURGESSAE Burma polar ends, and convex but steep lateral 
Pl. 28, fig. 1-6,7? slopes. Mature shells of five and a half to 


Triticites burgessae BURMA, 1942, Jour. Paleont., seven volutions _ 2.8 to 3.5 son long and 
1.1 to 1.5 mm. wide, giving form ratios of 

2.2 to 2.6. In general, the form ratio in- 
The shell of Triticites burgessae is minute creases to the fourth or fifth volution and de- 
in size and inflated fusiform in shape; with creases slightly from there to maturity. A 
a straight axis of coiling, bluntly pointed typical topotype specimen of seven volu- 


EXPLANATION OF PLATE 27 


others are X10. 


All illustrations on this plate are unretouched photographs. Figures 1,8-11, and 15 are X20, and all 


Fic. 1-8—Triticites ohioensis Thompson. 1-4, Axial sections; and 5-8, sagittal sections. 1(=2) is of 

:- oo 4 of measurements. /-3 are from the upper shale of the Winterset limestone at 
interset, Iowa (I-50), and all others are from the lower shale of the Winterset (I-53). 

9-15—Triticites collus Burma. 9-11,14, Axial sections of topotypes; 12, sagittal section of a para- 


type; 13, axial section of the holotype; and 15, sagittal section of a topotype. 9,10,11, and 15 
q are from the lower Dewey limestone of Iowa (I-45) and 14 is from the upper Dewey lime- 
stone at the same locality (I-54). 9,10, and 1/1 are of specimens 6, 3, and 5 of measurements. 
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Measurements of Triticites burgessae Burma, in mm. 


Diam. Height of volutions 
Spec! W. Ratio of 
2 — prol. 1 2 3 4 5 6 7 
1 2.8 1.3 .045 .033 .052, 150.153 
2 3.5 1.5 2.4 .053 .038 .060 .075 .115 .170 .189 
3 3.4 1.5 2.3 .048 .031 .044 .131 .208 .193 
5 vente 1.2 028 .065 .155 
8 2.9 1.1 2.6 .076 .045  .067. 147 
10 1.2 — .082 .059 .082 .143 
* : Form ratio of volutions Thickness of spirotheca 
peci- 
& F 1 2 3 4 5 6 7 
hy 1 1.0 1.3 1.6 2.2 2.0 2.1 2.2 — .009 .013 .021 .031 .035 .040 
2 27.5 2.3 2.3 24 .009 .010 .012 .016 .027 .055 — 
3 2.5 2.7 23 .008 .011 .014 .017 .028 .040 .054 
5 1.7 2.1 3.3 4.1 4.1 — — .008 .018 .030 .041 — 
8 1.4 2.3 2.8 2.7 2.7 — — .008 .012 .017 .027 .031 — — 
9 - - — .012 .017 .025 .043 .056 — 
10 .010 .013 .020 .033 — — 
11 .009 .011 .013 .028 .036 — — 
> 
Speci- Septal count Speci- Tunnel angle (degrees) 
9 10 12 13 17 20 1 _-_ — 28 33 37 41 
10 8 13 13 2 18 29 42 38 
11 10 11 14 19 19 30 360s «47 
8 — 36 37 
Specimens 1-3, 5, 10, 11 (I-59); 8, holotype, 9, paratype. 


All illustrations on this plate are unretouched photographs. 


Fic. 1-6, 7?—Triticites burgessae Burma. 1, Axial section of the holotype, 20; 2,4,5, axial sections of 
topotypes, X20; 3, axial section same as 2, X10; 6, sagittal section of a paratype, X20; and 
7, axial section with fluted septa referred with question to this species, X20. 1,2(=3),4,5, 
and 6 are of specimens 8, 2, 1, 3, and 9 of measurements. All from shale in the Westerville 
limestone of the Cherryvale shale (I-59). 
8-10—Triticites pygmaeus Dunbar & Condra. Axial sections of syntypes. 8(=10) is specimen 5 
ans) is 4 of measurements. 8 is X10 and 9 and 10 are X20. All from Louisville, Nebraska 
11-20—Triticites nebraskensis Thompson. 11,13,16, Axial sections of syntypes; 12,14,15,17, axial 
sections; 18,19, sagittal sections; and 20, tangential section. 1/—-13 and 17-20 are X20, and 
others are X10. 11(=16),13,14(=17), and 19 are of specimens 1, 3, 4, and 8 of measurements. 
12,15, and 18 are from the Cherryvale shale of Iowa (I-6) and 14,17,19, and 20 are from the 
s:me horizon and locality (I-47). 
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tions has a form ratio for the first to the 
seventh volution of 1.5, 1.6, 2.0, 2.5, 2.5, 
2.3, and 2.4, respectively. Averages of the 
form ratios of the first to the seventh volu- 
tion of five specimens, including the holo- 
type, are 1.3, 1.8, 2.4, 2.8, 2.7, 2.4, and 2.3, 
respectively. 

The proloculus is minute in size and has 
an outside diameter of only 46 to 86 microns, 
averaging only 61 microns for seven speci- 
mens. The shell is tightly coiled throughout. 
Average heights of the first to the seventh 
volution of eight specimens are 29, 39, 65, 
101, 132, 173, and 178 microns, respec- 
tively. 

The spirotheca is thin but has a struc- 
ture typical of the genus. Average thick- 
nesses of the spirotheca in the first to the 
seventh volution of eight specimens are 9, 
11, 16, 25, 34, 48, and 47 microns, respec- 
tively. The proloculus wall is too thin to 
measure in most specimens, but it is near 9 
microns thick, 

The septa are almost plane throughout 
the length of the shell except that they are 
fluted in their lower margins in the extreme 
polar areas. Averages of the septal counts 
of the first to the fifth volution of three spec- 
imens are 10, 12, 13, 18, and 20, respec- 
tively. Septal pores are abundant. 

The tunnel is narrow throughout the 
shell, and its path is about straight. Aver- 
ages of the septal counts of the third to the 
sixth volution of five specimens are 25, 33, 
42, and 39 degrees, respectively. The cho- 
mata are low and asymmetrical, with steep 
tunnel sides and low poleward slopes. 

Remarks.—Triticites burgessae is one of 
the smallest of the species of the genus. In 
volume of shell it compares closely with T. 
nebraskensis. The possibility is recognized 
that T. burgessae, T. nebraskensis, and T. 
pygmaeus are dwarfed or stunted variations 
of larger species. This possibility has been 
discussed more thoroughly under the dis- 
cussion of T. nebraskensis. 

Triticites burgessae is more closely similar 
to T. nebraskensis than to any other species. 
It may possibly represent a geographic vari- 
ation of that species. However, for the pres- 
ent, I am recognizing both of them. It is 
distinguished from 7. nebraskensis by its 
slightly smaller proloculus, shorter and 
more inflated shell, and perhaps slightly less 


intensely fluted septa. Most measurable 
features of these two species are remarkably 
close. 

Occurrence.—Triticites burgessae is ex- 
ceedingly abundant in the Westerville shale 
of Iowa (I-59). The original type specimens: 
came from the same locality. 


TRITICITES NEBRASKENSIS Thompson 
Pl. 28, fig. 11-20 


Fusulina exigua StaFF, 1912, Zoologica, Heft 58, 
p. , 1912, Palaeontographica, Bd. 59, 
p. 179-180, ‘pl. 15, fig.4. (Not Fusulina vulgaris 
exigua SCHELLWIEN, 1909) 

Triticites exiguus DunparR & ConpRA, 1928, 
Nebraska Geol. Survey, Bull. 2, ser. 2, p. iti 
113, pl. 8, fig. 1-5. 

Triticites nebraskensis THOMPSON, 1934, Iowa 
Univ. Studies Nat. Hist., vol. 16, p. 281,282. 
NEEDHAM, 1937, New Mexico School Mines, 
Bull. 14, p. 30-32, pl. 4, fig. 2,3. THomMpson & 
THOMAS, 1953, Wyoming Geol. Survey, Bull. 
46, p. 29-31, pl. 2, fig. 20-33. 


The shell of Triticites nebraskensis is mi- 
nute in size and uniformly elongate fusi- 
form in shape; with narrowly rounded to 
acutely pointed polar ends, low lateral 
slopes, and inflated central area. Some shells 
are subcylindrical in shape at maturity, 
with only slightly inflated central area, 
rounded polar ends, and straight to slightly 
irregular axis of coiling. Larger shells of 
five to six and a half volutions are 3.3 to 
5.4 mm. long and 1.0 to 1.3 mm. wide, giv- 
ing form ratios of 2.8 to 4.4. The shell 
changes shape with growth from a short 
ellipsoidal shell in the second and third volu- 
tions to a highly elongate subcylindrical or 
elongate fusiform shape at maturity. Aver- 
ages of the form ratios of the first to the 
sixth volution of six specimens, including 
three topotype specimens, are 1.3, 1.9, 2.6, 
3.1, 3.4 and 3.5, respectively. 

The spirotheca is very thin but has a 
structure typical of the genus throughout 
the shell. Averages of the thickness of the 
spirotheca of the first to the sixth volution 
of six specimens are 10, 12, 18, 24, 38, and 
50 microns, respectively. The spirotheca of 
the first two volutions is too thin to meas- 
ure accurately, and the above measurements 
for those volutions are only close approx!- 
mations. The proloculus wall is very thin 
and measures only about 9 microns. 

The septa are thin and are moderately 


it 
| 
| 
| 
| 
| 


MIDCONTINENT MISSOURIAN FUSULINIDS 319 


widely spaced. They are fluted in the ex- 
treme polar ends but are about plane across 
the central two-thirds of the shell. The sep- 
tal counts of the first to the sixth volution 
of two specimens are about 9, 12, 15, 17, 18, 
and 18, respectively. These figures agree 
closely with the figures given by Dunbar & 
Condra for the syntypes. Septal pores are 
very abundant especially in the polar re- 
gions. 

The proloculus is minute, and its outside 
diameter measures 61 to 85 microns, aver- 
aging 72 microns for seven specimens. The 
shell expands at a uniform rate and the 
averages of the heights of the first to sixth 
volution of eight specimens are 27, 41, 58, 
95, 140, and 162 microns, respectively. 

The tunnel is narrow in the first three to 
four volutions, but it widens rapidly in the 
outer volutions. Averages of the tunnel 
angles of the third to the sixth volution of 
six specimens are 25, 31, 44, and 57 degrees, 
respectively. The chomata are distinct 
throughout all except the last volution. 
They are high and highly asymmetrical, 
with steep to overhanging tunnel sides and 
lower poleward slopes. 


Remarks.—Staff (1910) figured a speci- 
men from Iowa as Fusulina exigua and two 
years later described in detail and illustrated 
the same specimen as F, exigua. However, 
Schellwien (1909) had described a species 
from Darwas a few years earlier as Fusulina 
vulgaris exigua. Therefore, Staff created a 
homonym since subspecies have the same 
rank as species for nomenclatural purposes. 
Thompson (1934) proposed the name Triti- 
cites nebraskensis for this species and pro- 
posed to make the Nebraska specimens de- 
scribed and illustrated by Dunbar & Condra 
the types of T. nebraskensis. Through the 
kindness of Professor Dunbar I have had the 
opportunity to study a part of his original 
collection and part of them were employed 
in drawing up the above description. 

Three minute species of Triticites have 
been described from the lower part of the 
Missourian Series, JZ. mnebraskensis, T. 
pygmaeus Dunbar & Condra, and T. burges- 
sae Burma. T. nebraskensis can be distin- 
guished from T. pygmaeus by its smaller 
proloculus, more tightly coiled shell, and 
by its considerably larger form ratio. Also, 
the profile of the various volutions of its 


Measurements of Triticites nebraskensis Thompson, in mm. (N-6, I-47) 


Form ratio of volutions 


— Diam. Height of volutions 
prol. 1 2 3 4 5 6 7 e2s# és & 

1 3.3.1.0 3.2 081 .023 .034 .055 .082 .143 .153 — 1.2 2.2 3.03.0 3.5 — 
2 3.31.2 2.8 — 020 .038 .052 .104 .135 .180 — 1.41.5 2.1 2.4 2.8 2.8 
3 4.11.1 3.8 .063 .034 .045 .058 .100 .128 .162 — 1.01.9 2.3 2.7 3.9 3.8 
4 5.01.2 4.1 085 .026 .028 .047 .071 .110 .142 .170 1.5 2.0 3.0 4.6 4.0 4.4 
5 5.41.2 4.4 061 .024 .038 .060 .095 .142 .170 — 1.3 2.0 2.6 2.6 3.5 3.5 
6 5.01.3 4.0 .073 .033 .048 .076 .132 .189 .189 — 1.3 1.8 2.5 3.5 4.0 4.0 
7 —1.0 — 067 .029 .049 .056 .093 .140 — — — — — — _ 
§ —1.1 — 074 =.030 .045 .060 .095 .123 .140 — — — — — — — 

Speci- Thickness of spirotheca Septal count Tunnel angle 

1 .008 .009 .013 .020 .043 .052 — ————— — — — 27 41 51 — 
2 — 012 — OW .033 04 — 
3.008 .010 .018 .024 .037 .044 — ——— — — — — — 26 27 40 67 
4 —- —- — .016 .026 .038 .054 —————— — — 16 29 44 57 
5 — .025 .033  — — — 25 26 39 46 
6 .011 — .014 .022 .041 .061 .057 —————— — — 30 34 48 — 
7 —- —  .014 .023 .036 — 1013151517-— 
8 .013 .011 .014 .017 .024 .039 .047 


Specimens 1-3 are from collection N-6. 
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shell are more nearly symmetrical and uni- 
form than are those of T. pygmaeus. 

Triticites burgessae was described by 
Burma (1942) from the Westerville lime- 
stone of Iowa, only a few feet above the 
Cherryvale shale with numerous specimens 
of T. nebraskensis. Although the holotype 
of T. burgessae is much shorter than T. 
nebraskensis, some of Dunbar & Condra’s 
original specimens of T. nebraskensis cor- 
respond closely with the holotype of T. 
burgessae. 

Dunbar & Condra suggested that T. 
nebraskensis (T. exiguus) may represent a 
“dwarfed” form of a fusulinid living in a 
brackish water or at least muddy and some- 
what unfavorable environment. This may 
be correct for, if representing distinct spe- 
cies, T. burgessae, T. nebraskensis, and T. 
pygmaeus all occur in highly argillaceous 
limestones or shales. However, T. nebrasken- 
sis has been recognized over a very large 
area in America and has been identified from 
New Mexico, Nebraska, Iowa, Missouri, 
and Wyoming. It does not seem likely that 
so distinct a species should be able to live 
in such abundance in unfavorable surround- 
ings and still maintain such a wide distribu- 
tion. 

Occurrence.—Triticites nebraskensis_ is 
abundant in the Cherryvale shale of Iowa 
(1-6, I-47, I-49, I-52) and Missouri, in the 
Richfield Quarries of Nebraska (N-6), the 
Casper formation of Wyoming, and the 
Veredas group of New Mexico. 


TRITICITES PYGMAEUS Dunbar & Condra 
Pl. 28, fig. 8-10 


Triticites cullomensts var. DuNBAR & 
ConpRA, 1928, Nebraska 1. Survey, Bull. 2, 


Ser. 2, p. 95,96, pl. 5, fig. 3,4. 
Triticites pygmaeus DUNBAR & SKINNER, 1937, 
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Univ. Texas Bull. 3701, p. 614-616, pl. 48, 
figs. 13-26. 


The shell of Triticttes pygmaeus is minute 
in size, short, and inflated fusiform; with a 
straight axis of coiling in the first two to 
three volutions and irregular to shifting axis 
in the outer two or three volutions, narrowly 
rounded polar ends in the first three to five 
volutions, and blunt slightly extended polar 
ends in the outer one to three volutions, 
Mature shells of five and a half to six volu- 
tions are 3.4 to 4.5 mm. long and 1.5 to 
1.8 mm. wide, giving form ratios of 2.3 to 
2.7. The inner four and a half volutions have 
a rather uniformly ellipsoidal profile, but 
the outer volutions of most specimens have 
irregularly extended polar ends, resulting 
in an irregular profile. Average form ratios 
of the first to the sixth volution of five speci- 
mens are 1.4, 1.8, 2.3, 2.3, 2.5, and 2.5, re- 
spectively. 

The proloculus is relatively large and has 
and outside diameter of 100 to 140 microns, 
averaging 119 microns for five specimens. 
The shell is relatively loosely coiled. The 
chambers are of about the same height 
throughout their width in the inner four 
volutions, but they become considerably 
higher in their end zones in the outer two 
volutions. Averages of the heights of 
the chambers in the first to the sixth volu- 
tion of five specimens are 42, 63, 96, 140, 
191, and 213 microns, respectively. 

The septa are only slightly fluted in their 
extreme polar ends. Dunbar & Condra give 
a septal count of 11, 11 and 14, 14 and 15, 
14 and 17, and 16 and 17 for the first to the 
fifth volution of two specimens. 

The spirotheca is moderately thick and 
has a structure typical of the genus. Aver- 
ages of the thickness of the spirotheca in 
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All illustrations on this plate are unretouched photographs, and all are magnified X10. 


Fic. 1-12—Triticites primarius Merchant & Keroher. 1, Axial section of the holotype; 2-5, sagittal 
sections of topotypes; 6, tangential section of a paratype; and 7-12, axial sections of topo- 
types. Rock Lake shale member of the Stanton limestone (K-191). 3,4,5,7,8,9,10,11, and 12 

are of specimens 8, 10, 9, 7, 1, 6, 2, 3, and 5 of measurements. 
13-20—Triticites newelli Burma. 13, Tangential section of a topotype; 14-17, axial sections of 


topotypes; 18, axial section of the holotype; and 19,20, sagittal sections of topoty 


s. South 


Bend limestone member of the Stanton limestone (K-215). 14,15,16,17,18,19, and 20 are of 


specimens 3, 1, 5, 6, 9, 8, and 7 of measurements. 
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Measurements of Triticites pygmaeus Dunbar & Condra, in mm. (N-5) 


Diam. 


Height of volutions 


W. Ratio of 
prol. 


3 4 5 


113 
142 
108 
102 
128 


.120 .229 
106 135 
101 205 
.065 
.088 135 . 196 


Thickness of spirotheca 


2 3 4 5 6 


.021_.. 
015.027) 
.016 .021 .031 
.022 .034_. .053 
.014 .022 . ‘ .070 


Tunnel angle (degrees) 


2 3 4 5 


the first to the sixth volution of five speci- 
mens are 11, 16, 23, 38, 55, and 61 microns, 
respectively. The proloculus wall measures 
about 12 microns. 

The tunnel is narrow in the first two volu- 
tions, but it widens rapidly in the outer vol- 
utions, Averages of the tunnel angle of the 
third to the sixth volution of five specimens 
are 26, 34, 42, and 50 degrees, respectively. 
The chomata are high and broad, with 
steep tunnel sides, almost flat tops, and low 


poleward slopes. They spread laterally so 
as to reach the poles in the first three or four 
volutions and extend about half way to the 
poles with rapidly decreasing height in the 
outer two volutions. 

Remarks.—Triticites pygmaeus was origi- 
nally described by Dunbar & Condra as a 
variety of T. cullomensis Dunbar & Condra. 
However, it was later described by Dunbar 
& Skinner as a distinct species. The general 
shape of the shell of 7. pygmaeus does re- 
semble that of T. cullomensis, but it can be 
distinguished from that form by its minute 
size, thin spirotheca, relatively more mas- 
sive chomata, and less uniform outer volu- 
tion. 

Triticites pygmaeus is one of the smallest 
species of the genus in America. Other spe- 
cies which correspond closely in size to it 
include 7. nebraskensis and T. burgessae. All 
three of these are exceedingly abundant lo- 


EXPLANATION OF PLATE 30 
All illustrations on this plate are unretouched photographs. 


Fic. 1-8—Triticites iatensis Thompson, n. sp. 1, Axial section of the holotype, X20; 2, axial section 


of the same, X10; 3-5, axial sections of paratypes, X10; 6,7, sagittal sections of 


ratypes, 


X10; and 8, sagittal section of a paratype, X20. Iatan limestone of Missouri (M-37). 1(=2), 
3,4,5,6, and 7(=8) are of specimens 2, 1, 4, 6, 7, and 8 of measurements. 
9-16—Triticites kawensis Thompson, n. sp. 9-11, Sagittal sections of paratypes; 12,13,15,16, axial 


sections of paratypes; and /4, axial section of the holoty 


; all X10 from the Little Kaw 


limestone member (? South Bend limestone member) of the Stanton limestone (M-20). 
10,11,14,15, and 16 are of specimens 6, 5, 2, 1, and 3 of measurements. 
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Speci- 
men 
| 1 4.5 1.7 2.6 .050 .071 . 230 
2 4.1 1.8 2.3 .044 .066 .218 
3 3.9 1.6 2.4 .044 .076 . 194 
4 3.9 1.5 .034 .048 .193 
5 3.4 1.5 2.3 .039 .052 .228 
Form ratio of volutions 
Speci- 
— 1 2 3 4 5 6 - 1 ee 
1 1.5 2.0 2.3 2.6 322 2.6 .010 
2 1.3 1.8 2.6 2.5 2.6 2.3 O11 
3 1.8 2.2 2.1 .014 
; 4 1.4 1.6 1.8 2.0 2.3 2.7 —_ 
5 1.6 2.0 2.1 2.4 23 —_— .010 
6 
1 _ — 30 32 42 43 ’ 
2 21 30 36 56 
3 25 37 47 
4 — 30 36 43 
5 26 37 40 
14 
pa 
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cally in lower Missourian rocks and they 
may represent dwarfed or stunted variations 
of larger normal species. However, some of 
them are recognized over wide areas and are 
not considered to be abnormal variations 
of larger species. 

Triticites pygmaeus can be distinguished 
from TJ. nebraskensis by its shorter shell, 
larger proloculus, thicker spirotheca, and 
more massive chomata. It differs from T. 
burgessae in most of the same features, ex- 
cept that its shell is much more elongate 
than that of T. burgessae. 

Occurrence.—Triticites pygmaeus is abun- 
dant in the Lane shale of Nebraska from 
which the above described specimens were 
obtained. It has also been reported from the 
same stratigraphic level in Iowa, Missouri, 
and Kansas, in the Guernsey formation of 
Wyoming, and in the Gaptank formation 
of Texas. The above description is based on 
type specimens kindly sent to me by Profes- 
sor Dunbar from Louisville, Nebraska 
(N-5). 


TRITICITES PRIMARIUS Merchant & Keroher 
Pl. 29, fig. 1-12 
Triticites secalicus var. primarius MERCHANT & 

KEROHER, 1939, Jour. Paleont., vol. 13, p. 611- 

614, text-fig. 2-3, pl. 69, fig. 10-12. 

Triticites primarius BURMA, 1942, Jour. Paleont., 

vol. 16, p. 748-749, pl. 118, fig. 1,8. 

The shell of Triticttes primarius is elon- 
gate subcylindrical in shape; with rounded 
polar ends, straight to slightly irregular or 
curving axis of coiling, and parallel to 
broadly convex lateral surfaces. Larger 
shells of six to seven volutions are 6.3 to 7.4 
mm. long and 1.5 to 1.8 mm. wide, giving 
form ratios of 3.6 to 4.5. The first volution 
is elongate ellipsoidal in shape with highly 
convex lateral surfaces, but the axes of coil- 
ing rapidly elongate to give the shell a sub- 
cylindrical shape. Averages of the form ra- 
tios of the first to the sixth volution of seven 
topotype specimens are 1.6, 2.0, 2.5, 3.1, 
3.3, and 3.5, respectively. The holotype of 
seven and a half volutions is 9.3 mm. long 
and 2.5 mm. wide, giving a form ratio of 3.7. 

The proloculus is moderately large and 
has an outside diameter of 113 to 180 mi- 
crons, averaging 144 microns for ten speci- 
mens. The shelf is moderately loosely coiled 
throughout. The chambers are lowest above 
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the tunnel, and they increase in height 
gradually from there to near the polar ends 
where they increase in height sharply. 
Averages of the heights of the chambers 
above the tunnel in the first to the sixth 
volution of ten specimens are 53, 90, 115, 
163, 179, and 251 microns, respectively.. 

The spirotheca is moderately thick for 
the size of the shell and is coarsely alveolar, 
It is thicker than that of most other Mis. 
sourian species. Averages of the thickness of 
the spirotheca in the first to the sixth volu- 
tion of ten specimens are 12, 21, 31, 48, 64, 
and 72 microns, respectively. The proloculus 
wall averages about 14 microns in thickness 
for ten specimens. 

The septa are moderately widely spaced 
and contain a relatively thick pycnotheca. 
The septa of this species have about the 
best pronounced fluting of any Missourian 
species of the genus. They are fluted in their 
basal part in the end sixth of the shell but 


‘are about plane in the central shell area. 


Septal pores are very abundant in the polar 
areas, particularly in the sixth and seventh 
volutions. Averages of the septal counts of 
the first to the sixth volution of three speci- 
mens are 10, 16, 16, 18, 20, and 19, respec- 
tively. 

The tunnel is very wide, is about two- 
thirds as high as the chambers and has a 
straight path. Averages of the tunnel angle 
of the first to the fifth volution of seven 
specimens are 38, 40, 54, 61, and 72 degrees, 
respectively. Near the center of the cham- 
bers the chomata are narrow and less than 
half as high as the chambers. Both slopes 
are steep but the tunnel slope is slightly the 
steeper. 

Remarks.—Triticites primarius was origi- 
nally described by Merchant and Keroher 
as a variety of T. secalicus (Say). It re- 
sembles that species closely. In fact, it re- 
sembles Douglas and lower Shawnee species 
of Triticites more closely than it does other 
Missourian species. It resembles T. orizy- 
formis from the Westphalia limestone closely 
and can be distinguished from it by its 
larger proloculus, more loosely coiled shell, 
more nearly cylindrical shell at maturity, 
slightly less extensively fluted septa and 
thicker spirotheca. 

Occurrence.—Triticites primarius is abun- 
dant in the Rock Lake shale exposed on the 
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Measurements of Triticites primarius Merchant & Keroher, in mm. 


—— 


, Diam. Height of volutions Form ratio of volutions 
Spec’ W. Ratio of 
_ prol. 1 2 3 4 5 6 1 2 3 4 5 6 
1 6.41.8 3.6 .172 .060 .090 .135 .198 .245 — 1.8 2.2 2.9 3.1 3.1 — 
2 6.31.6 4.0 .133 .060 .080 .134 .170 — — 1.5 1.9 2.5 3.2 3.7 — 
3 6.31.8 3.6 .157  .059 .104 .114 .160 .210 — 1.5 2.0 2.5 3.3 3.6 — 
4 — — —  .180 .055 .100 .135 .180 .231 — 1.3 1.6 2.2 2.8 2.9 — 
5 7.41.8 4.2 .133 .042 .064 .099 .142 .152 .216 1.7 2.4 2.6 2.9 3.3 3.8 
6 7.31.6 4.5 .148 .061 .081 .118 .183 .206 — 1.6 2.1 2.8 3.6 3.5 — 
7 6.8 — —  .113 .041 .063 .096 .129 .174 — 1.7 2.1 2.2 2.6 3.3 3.3 
9 — 1.5 —  .147 .053 .066 .089 .139 .195 — 
10 — 1.4 —  .147  .060 .089 .137 .185 .224 — 
Speci- Thickness of spirotheca Septal count Tunnel angle (degrees) 
1 .014 .022 .036 .057 .073 — —-_-—- - - 48 65 66 64 67 
2 — .018 .030 .050 .067 .076 — — — ~ ~— — 32 37 45 67 85 
3 .011 .020 .040 .044 .069 — 22 26 50 65 83 
4 .011 .028 .039 .057 .066 — —- —- - -—- ee 50 47 54 63 69 
5 .012 .020 .022 .051 .060 .066 — — — —~— ~— — 21 27 40 37 57 
6 .013 .022 .033 .057 .068 — ——- - - - 44 42 61 64 74 
7 .013 .017 .022 .030 .061 .074 — — — — — — 47 46 59 70 — 
_ 8 .011 .017 .026 .034 .055 .074 10 14 13 14 16 19 —-_—-- - = 
9 .011 .019 .028 .040 .053 — 10 18 17 20 23 — —- -—- - - 
10 .012 .028 .038 .056 .070 — 9 17 19 19 20 — —- -—- - - = 


south side of Little Sandy Creek just east 
of the bridge on the west side of the SW3, 
Sec. 31, T. 26 S., R. 15 E., Woodson County, 
Kansas that is just above a limestone identi- 
fed as the Stoner limestone member of the 
Stanton limestone (K-191, K-253). None of 
my collections from the Stanton of other 
areas contains specimens like this species. 


TRITICITES NEWELLI Burma 
Pl. 29, fig. 13-20 
Triticites cf. moorei NEWELL, 1936, Jour. Geol., 

vol. 44, p. 29-31. 

Triticites newelli BURMA, 1942, Jour. Paleont., 

vol. 16, p. 749-751, pl. 118, fig. 7,10. 

The shell of Triticites newelli is small and 
uniformly fusiform in shape; with almost 
straight axis of coiling, convex to slightly 
irregular lateral slopes, and pointed polar 
ends. A typical specimen of seven and a half 
volutions is 5.8 mm. long and 2.0 mm. wide, 
giving a form ratio of 2.9. The first volution 
is subspherical in shape, and successive 
outer volutions gradually become less in- 
flated with rapidly extending polar ends. 


The form ratios of the first to the seventh 
volution of the holotype specimen are 1.5, 
1.7, 1.9, 2.0, 2.1, 2.4, and 2.8, respectively. 
Averages of the form ratios of the first to 
the eighth volution of seven specimens, in- 
cluding the holotype, are 1.3, 1.7, 1.9, 2.0, 
2.1, 2.4, 2.8, and 2.8, respectively. 

The proloculus is small and has an outside 
diameter of 78 to 122 microns, averaging 
100 microns for ten specimens. The heights 
of the first to the seventh volution of the 
holotype specimen are 41, 74, 124, 144, 180, 
232, and 230 microns, respectively. Aver- 
ages of the heights of the chambers in the 
first to the seventh volution of ten speci- 
mens are 42, 61, 91, 122, 184, 240, and 248 
microns, respectively. The chambers are of 
near the same height in the central half of 
the shell where the lateral slopes are of uni- 
form convexity, but they are higher in the 
polar areas of outer volutions where the 
lateral slopes are more irregular. 

The spirotheca is thin and distinctly alve- 
olar. In the inner two volutions it is too thin 
to measure accurately. It is about 11, 14, 
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19, 28, 46, 60, and 78 microns thick in the — ends. The proloculus wall measures about 13 
first to the seventh volution, respectively, microns. 

of the holotype. Averages of its thickness The septa are moderately widely spaced 
in the second to the seventh volution of ten and are composed of thin pycnotheca. They 
specimens are 14, 19, 28, 46, 60, and 78 are fluted rather broadly in the polar areas 
microns, respectively. The thickness of the and in their lower margins to the tunnel 
spirotheca is greatest above the tunnel, and __ borders. The septal count averages 11, 18 
it thins gradually from there to the polar 22, 23, 25, and 31 in the first to the sixth 


Measurements of Triticites newelli Burma, in mm. 


. Diam. Height of volutions 
Speci- 1. W. Ratio of 
7 prol. 1 2 3 4 5 6 7 
1 5.0 1.9 2.6 .038 .050 .086 .203 .256 
2 4.4 1.9 2.3 .037 .070 104 .152 .190 . 269 
3 5.6 2.0 2.8 .083 .049 .057 .087 .095 .153 .224 . 240 
+ 6.1 2.2 2.8 .086 .033 .057 .067 .102 .173 .274 . 285 
5 6.3 2.0 3.2 .049 .059 .088 .122 .181 244 . 264 
6 5.8 2.0 2.9 .090 .034 .055 .070 .112 .165 .225 
7 — 17 — .107 .049 .051 .076 .106 .178 .190 .221 
8 — 20 — .112 .049 .065 .101 .122 .172 
9 6.5 2.1 3.1 .122 .041 .074 .124 .144 . 180 .232 . 230 
10 — 17 — .044 .070 .107 143 . 249 .252 
Speci- Form ratio of volutions Thickness of spirotheca 
¥ 1 2 3 4 5 6 7 8 
1 1.2 1.7 1.7 1.7 1.7 2.0 — .007 .013 .019 .029 .048 .046 — — 
2 1.2 1.4 1.8 1.8 1.9 2.1 — — .012 .013 — .035 .043 .056 — — 
3 1.2 1.7 1.8 1.9 1.9 2.4 2.5 — .009 .012 .016 .017 .036 .047 .081 — 
4 1.4 1.7 1.7 2.0 2.1 2.4 2.4 2.8 — .012 .016 .019 .037 .065 .062 .051 
§ 1.4 1.6 2.0 2.2 2.0 2.4 3.2 — — — —  .033 .054 .072 .082 — 
6 1.5 1.8 2.0 2.3 2.5 3.0 3.0 — — — .014 .021 .036 .050 .068 — 
7 — — .017 .021 .025 .046 .048 — — 
8s — - - - - hm — .015 .021 .034 .048 .066 — — 
9 1.5 2.1 2.1 2.2 2.4 2:8 3.1 — .011 .015 .022 .037 .073 .086 .095 — 
100 —- —- — .015 .023 .031 .037 .068 — — 
Speci- Septal count Tunnel angle (degrees) 
> & 1 2 3 4 #5 6 7 
2 - - - 19 20 20 
3 - - - — 17 18 23 24 24 
4 - - — 18 22 21 34.0 43 
5 - — 19 28 30 38 
6 - — 20 21 30 34 48 
7 11 19 23 24 26 30 - - 
8 11 22 24 26 30 — 
10 10 16 20 21 23 34 - 


Specimen 9 is the holotype; specimen 10 the paratype. 


i 
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volution, respectively, for three specimens. 
Septal pores are very abundant. 

The tunnel has a relatively straight path, 
is more than half as high as the chambers, 
and becomes wide in the last volution. The 
tunnel angle averages about 18, 22, 28, 35, 
and 49 degrees, respectively, in the third to 
the seventh volution of seven specimens. 
The chomata are massive and broad, are 
more than half as high as the chambers, 
and have steep to overhanging tunnel sides 
and steep but spreading poleward slopes. 
They extend to the polar areas in the first 
three volutions and spread onto the septa 
for almost half the distance to the polar 
ends in the sixth and seventh volutions. 

Remarks.—Triticites newelli is one of the 
more nearly uniform in profile of the Mis- 
sourian Triticites, and it is a typical form of 
the genus in that its shell has a uniform pro- 
file throughout growth, its spirotheca in- 
creases in thickness throughout growth ex- 
cept for the last few chambers in some 
specimens, and its increase in size is uniform 
but gradual. It resembles somewhat closely 
the other two upper Missourian Triticiies 
described below as T. kawensis, n. sp., and 
T. iatensis, n. sp. It can be distinguished 
from the first of these by*its shorter and 
more uniform shell, smaller shell, larger and 
more broad chomata, more uniform septal 
fluting, and more tightly coiled outer volu- 
tions. T. newelli can be distinguished from 
T. 1atensis by its smaller form ratios, thicker 
spirotheca in outer volutions, larger tunnel 
angles in outer volutions, and perhaps less 
extensive chomata deposits. 

Triticites newelli was referred with ques- 
tion to T. submucronatus Thompson from 
the Hartville limestone and Casper forma- 
tion of Wyoming by Thompson and Thomas 
(1953). However, studies of more extensive 
collections of topotype material of T. newelli 
indicate that, although these two forms are 
remarkably similar in general shell shape 
and other features, they probably are dis- 
tinct and are so treated here. They can be 
distinguished by the more tightly coiled 
shell of T. newelli, its smaller proloculus, and 
its larger septal counts. Also, the chomata 
of T. newelli are more massive and larger. 

Occurrence.—Triticites newelli is abundant 
in the South Bend limestone member of the 
Stanton limestone in Kansas (K-215) and 


is scarce in rocks of the same age referred to 
as the Little Kaw limestone member of the 
Stanton limestone of Missouri (M-20). The 
original type specimens and topotype speci- 
mens described above came from the South 
Bend of Kansas. 


TRITICITES KAWENSIS, Thompson, n.sp. 
Pl. 30, fig. 9-15 


The shell of Triticites kawensis is elongate 
fusiform in shape and has straight to arcuate 
axis of coiling, pointed polar ends, and ir- 
regularly convex lateral surfaces. Larger 
shells of six and a half to eight volutions are 
6.4 to 7.7 mm. long and 1.9 to 2.4 mm. wide, 
giving form ratios of 2.8 to 3.8. The first 
two to four volutions are short and highly 
inflated fusiform in shape, but the axial 
ends become greatly extended as maturity 
is approached, resulting in highly elongate 
fusiform mature shells. Averages of the 
form ratios of the first to the eighth volution 
of four specimens including the holotype, 
are 1.3, 1.6, 1.9, 2.3, 2.7, 3.0, 3.1, and 3.2, 
respectively. 

The proloculus is small and has an outside 
diameter of about 75 to 125 microns, averag- 
ing 94 microns for six specimens. The shell 
is very tightly coiled for the first two volu- 
tions, is more inflated during the following 
three volutions, and becomes more highly in- 
flated in the outer volution. Averages of the 
heights of the chambers near the middle of 
the first to the eighth volution of six speci- 
mens are 38, 57, 89, 135, 186, 239, 288, and 
350 microns, respectively. 

The septa are closely spaced in the inner 
three volutions and are of moderate spacing 
in outer volutions. Two specimens have an 
average septal count of 12, 17, 18, 22, 26, 
and 29 for the first to the sixth volution, 
respectively. The septa are fluted in the end 
quarters of the shell but are only slightly 
fluted in their lower margin near the center 
of the shell. 

The tunnel is narrow in the inner four 
volutions but becomes moderately wide in 
outer volutions. Averages of the tunnel 
angles in the third to the seventh volution 
of four specimens are 23, 27, 31, 42, and 50 
degrees, respectively. The chomata are more 
than half as high as the chambers to the 
sixth volution, but they become low in the 
outer volutions. Their tunnel sides are steep 
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Measurements of Triticites kawensis, n. sp., in mm. (M-20) 
Speci Diam. Height of volutions Form ratio of volutions 
W. Ratio of 
dst prol. 1 2 3 4 5 6 7 8 141 2 3 4 5 6 7 8 
1 6.4 1.9 3.4 122.041 .061 .104 .170 .227 .255 — — 1.41.8 2.1 2.93.13.5 — — 
24 076 .034 .031 074 .113 .160 .236 .283 .330 1.01.1 1.8 2.2 2.6 3.1 3.33, 
3 64 2.3 2.8 092 032 .047 .071 .104 .170 .208 .302 .370 1.5 1.8 1.9 2.0 2.9 2.6 2.8 — 
4 7.7 2.0 3.8 100 .038 .066 .080 .122 .160 .217 .245 — 1.1 1.61.8 2.0 2.1 2.8 3.3 — 
5 — 22 — 087 .069 .085 .132 .165 .236 .280 — — — — — — 
6 2.20 — 090 046 .170 .236 .283 — — — — — _ 
Speci- Thickness of spirotheca Septal count : 
— % 2 3 4 5 6 7 8 1 2 3 4 5 6 7 
3 — — .030 .035 .061 .065 .071 
4 —- — 1028 1047 — = ~ 
5 — — .024 .031 .042 .057 .066 — 12 6 17 «#221 
6 — 012 .021 .033 .057 .064 .080 — 
men Pl. 30, fig. 1-8 
1 The shell of Triticites tatensts is of medium 
~ size and elongate fusiform shape; with a 
4 — — 1 23 2% 36 = §3 straight to slightly shifting or curving axis 
of coiling, slightly convex lateral slopes, and 
sharply pointed to rounded polar ends at 
9 — 3 42 50 maturity. The first volution is elongate ellip- 


throughout the shell, and their poleward 
slopes are low in the inner three to four volu- 
tions but are steep to vertical in outer volu- 
tions. 

Remarks.—Triticites kawensis resembles 
T. newelli in some respects but can be dis- 
tinguished from that species by its more 
elongate and irregular shell, larger shell, 
smaller and more narrow chomata, more 
irregularly fluted septa, and considerably 
more inflated outer volution. 

Occurrence.—Triticites kawensis is one of 
the four typical Triticites here described 
from the upper part of the Missourian of 
Missouri and Kansas. The other three are 
T. primarius from the Rock Lake shale 
member of the Stanton limestone, T. newelli 
from the South Bend limestone of the Stan- 
ton, and T. iatensis from the Iatan lime- 
stone. This species is abundant in western 
Missouri (M-20). All four have not been 
found associated at the same place. How- 
ever, 7. newelli is represented by scarce 
specimens in the Little Kaw of Missouri. 


soidal in shape, and the axial ends gradually 
become extended to the mature shape. Shells 
six and a half to seven and a half volutions 
measure 5.0 to 6.9 mm. long and 1.7 to 2.8 
mm. wide, giving form ratios of 2.6 to 3.6 
and averaging 3.2 for six specimens. Aver- 
ages of the form ratios for the first to the 
seventh volution of six specimens are 1.8, 
2.2, 2.4, 2.6, 2.9, 3.2, and 3.2, respectively. 

The proloculus is minute in size and spher- 
ical in shape and has an outside diameter of 
70 to 124 microns, averaging 94 microns for 
eight specimens. The shell expands slowly 
and about uniformly. Average heights of 
the chambers above the tunnel in the first 
to the seventh volution of eight specimens 
are 38, 57, 82, 119, 156, 210, and 238 mi- 
crons, respectively. In most specimens the 
chambers are lowest above the tunnel, and 
they become higher gradually poleward and 
are highest as they reach the poles. In some 
they remain of near the same height in the 
central two-thirds of the shell and give the 
shell a subcylindrical shape. 

The septa are closely spaced and are 
composed of thin pycnotheca. They are 
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moderately narrowly fluted in the polar 
regions and closed chamberlets extend more 
than half way to the tunnel. Only occasion- 
ally do the septa come in contact above the 
tunnel. The septa extend slightly forward in 


throughout the shell except for the outer 
chambers and are more than half as high as 
the chambers, are rather broad, and extend 
along the septa as thick deposits above the 
tunnel and laterally to the polar regions 


= the tunnel region. Averages of the septal where they appear as rather heavy axial 
pees counts of the first to the seventh volution of fillings. In the inner four to five volutions 
« two specimens are 12, 20, 22, 22, 26, 32, the chomata extend as broad distinct ridges 
— and 35, respectively. two-thirds as high as the chambers to the 
_— The tunnel is slightly more than a third _ polar ends. 
as high as the chambers, and its path is only Remarks.—Triticites iatensis resembles 
_ slightly irregular. Averages of the tunnel several other species from near the Iatan 
_ angle in the third to the seventh volution limestone and doubtless is closely related to 
~ of six specimens are 21, 25, 31, 40, and 38 them, such as T. orizyformis Newell from 
ee degrees, respectively. Chomata occur the Westphalia limestone, T. newellt Burma 
28 
= Measurements of Triticites iatensis, n. sp., in mm. 
a Diam. Height of volutions 
— W Ratio of 
— prol. 1 2 3 d § 6 7 
um 
1 6.5 2.0 3.2 .090 .037. .066 =.095 .148 .165 .228 .255 
2 6.6 2.0 3.3 .070 .050 .061 .090 .110 .185 .201 .292 
XIS 3 5.6 1.7 3.3 .089 .050 .068 .100 .143 .217 
nd 4 5.0 1.9 2.6 .095 .058 .082 .113 .126 .178 .268 
at 5 6.9 1.9 3.6 .081 .056 .066 .110 .146 .226 .234 
6 6.2 1.9 3.3 . 108 .042 .060 .089 .143 .162 8.256 
7 1.9 124 032.044 181.213 
4 8 2.8 — 096 035 ~=.041 057 088 .126 .196 .216 
» 
ns 
= 
y Speci- Form ratio of volutions Thickness of spirotheca 
4 1 2 3 4 5 6 7 
8, 1 250) 223 322° 353 — .016 .024 .048 .059 .059 
2 220) 222 2:5 320) 3.4 — —  .030 .046 .071 .065 
3 255 253° — — .013 .031 .044 .056 — 
4 223 228 2.7 —  .017 .029 .038 .047 .065 
of 5 1-9 2.3 2:3 226 320 3.1 —  .016 .021 .032 .050 .064 
Ir 6 240) 255 253° 228 3.4 —  .016 .024 .040 .053 .041 
y 7 —  .020 .032 .050 .050 
8 => — .014 — .029 .052 .066 
4 Speci- Septal count Tunnel angle (degrees) 
1 1 — — — 22 206 32 35 — 
p 2 — — — — — 22 26 29 Si — 
4 — — 22 24 26 42 32 
5 — — — 20 23 30 37 44 
6 — — 17 24 38 34 — 
7 14 22 21 23 28 35 35 = 
8 11 18 22 Ze 25 30 35 = 
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from the South Bend shale of Kansas and 
T. kawensis, n. sp., from the Little Kaw 
limestone of Missouri. It can be distin- 
guished from T. kawensts by its more tightly 
coiled shell, particularly in outer volutions, 
more nearly uniform lateral slopes, thinner 
spirotheca, more massive and extensive 
chomata, less intensely fluted septa, and 
more narrow tunnel angle in outer volutions. 
Triticites tatensis can be distinguished from 
T. newelli by its larger form ratio, thinner 
spirotheca in outer volutions, smaller tunnel 
angle in outer volutions, and more extensive 
chomata deposits. Also, the shell of T. 
tatensis is more nearly cylindrical in shape. 
Triticites tatensis resembles T. orizyformis 
in many respects. 

Occurrence.—Triticites 1atensis is common 
in association with much more abundant 
specimens of Kansanella (Kansanella) joensts 
in the Iatan limestone at St. Joseph, Mis- 
souri (M-18) and in the Iatan on U. S. 
Highway 71 southeast of St. Joseph (M-37). 
The above description and accompanying 
measurements are from the latter locality. 
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UPPER CRETACEOUS FORAMINIFERA FROM 
NORTHERN IRELAND 


ALAN MCGUGAN 
Queen’s University, Belfast, Northern Ireland 


AsstrAct—Foraminifera of Campanian-Maestrichtian age were obtained from the 
hollow flints of the topmost Cretaceous ‘‘Clay with Flints” deposit, and from pre- 
viously unrecorded sources of foraminiferal material at similar levels on the north 
coast of Ireland. The microfauna of the condensed basal Cretaceous sandy succes- 
sion is usually scarce and in poor condition; sufficient specimens are available to 
indicate horizons from Cenomanian to possibly Turonian at several localities and 
confirm megafossil evidence for age. The local paleogeographic interpretation 
suggests presence of a shallow water north-west ‘“‘Greensand” basin and south-east 
“Greensand”’ basin, separated by a north-east/south-west basement ridge which 
was not crossed until the main “Chalk” transgression began. 


INTRODUCTION 


N ORDER to establish reliable paleonto- 

logical correlation with the Cretaceous 
rocks of England and northwestern Europe, 
previous collections of microfossils and 
megafossils from the Cretaceous of Northern 
Ireland have been re-examined and some of 
the fauna listed and figured. Much addi- 
tional material has been collected in connec- 
tion with the author’s thesis at Queen’s Uni- 
versity. 

Little previous work has been done on the 
Foraminifera; that published is almost con- 
fined to microfaunal lists and may be found 
in papers by Jones (1872), Wright (1874), 
Wright & Welch (1902), and Gough (1905). 
Of the more general publications dealing 
with the stratigraphy and megafauna of the 
North Irish Cretaceous, the most important 
are Portlock (1843), Tate (1865), Barrois 
(1876), Hume (1897), and Jukes Brown 
(1903). 
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STRATIGRAPHY 


The general Cretaceous succession in 
Northern Ireland is represented by Text-fig. 
1, in the type area of southeastern Antrim. 
(Loc. 4-7). The succession is unconformable, 
resting on Lias clay in the south (Loc. 4-13) 
and in the north at Whitepark, Downhill 
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and Magilligan (Loc. 28-32). It overlies 
Triassic beds at Lisburn (Loc. 2), Ballyea- 
mon (Loc. 19), Murioch Bay (Loc. 24), 
Dungiven (Loc. 38) and Moneymore (Loc. 
40-44). At Slieve Gallion outlier (Loc. 29) 
the basal Cretaceous boulder bed overlies 
Carboniferous sandstones, and at Knock- 
layd (Loc. 23) the basal Cretaceous con- 
glomerate rests directly on Dalradian schists 
of the Pre-Cambrian. Almost all Cretaceous 
strata are flat lying or dip very gently, often 
towards the center of the plateau. 


6. Clay with Flints 


This deposit is present in greatly varying 
thickness, filling in irregularities at the top of 
the Chalk in many exposures. It seems un- 
likely that the unit is an entirely residual de- 


posit of the Chalk (Jukes Brown 1906). The 
interiors of hollow flints from the Clay with 
Flints contain a soft powder with a rich 
microfauna; other flints from lower horizons 
usually contain only indurated Chalk. 

The Ballycastle Pellet Chalk, (Loc. 25). 
The main exposure, which measures 40 ft. 
by 15 ft., is located on the sea cliff north- 
west of Ballycastle Harbor. It occupies a 
hollow in the top of the hard shattered 
Chalk, and is directly overlain by Tertiary 
basalt. The variation in grade of the soft 
pellety rock is very irregular in sub-angular 
units, presenting an appearance of partial 
current bedding combined with slip. 

After fractionation, the material is found 
to consist of hard rounded chalk pellets, 
abundant angular flint fragments, and de- 
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rived Campanian-Maestrichtian Foraminif- 
era, Bryozoa, etc., in a fine marly matrix. 
The characters of the exposure suggest depo- 
sition in some kind of channel in the top of 
the Chalk. Several other rather similar oc- 
currences are known elsewhere on the north 
coast, where they are probably connected 
with explosive Tertiary vulcanism. 


5, The Chalk 


The Chalk outcrop$ around the margins 
of the overlying plateau basalts and nothing 
is known of the succession beneath the pla- 
teau. The surface thickness varies from 20 
to 200 ft. and is greater in some boreholes 
near Coalisland (south of Loc. 45), reaching 
480 ft. (Hartley, 1948). 

In the Belfast area (Loc. 4-13) and in the 
North-West (Loc. 32-35) the Chalk is un- 
derlain by a variable Greensand series 
briefly described below. Elsewhere, in the 
North-East and South-West the basal beds 
are thin conglomerates and pebble beds rest- 
ing directly on pre-Cretaceous strata. 

The Chalk is a white compact pure car- 
bonate, which is in places partly silicified. 
Its character, however, does not appear to be 
due to any action of the overlying basalts. 

Bedded flints are common; in the South 
are found the vertically aligned, large pot- 
like flints known as “‘Paramoudras” (Buck- 
land, 1817). The majority of the Chalk is 
included in the Campanian Belemnitella 
mucronata zone of Europe, although the 
basal portion in some cases belongs to lower 
zones, e.g., Marsupites zone at Whitepark 
(Loc. 28). The majority of the work on the 
megafauna has been done by Dr. J. M. Han- 
cock of King’s College, London. 


4. The Basal Conglomerates 


This basal unit consists of directly derived 
pre-Cretaceous elements in a hard glau- 
conitic calcareous matrix. It is generally con- 
sidered to herald the onset of the main upper 
Senonian transgression; at Moneymore 
(Loc. 40) a high Senonian form of Echino- 
corys scutata is found among the cobbles. 


3,2, and 1. The Hibernian Greensands 


This group reaches its fullest develop- 
ment in the type-area of southeastern An- 
trim (Loc. 4, etc.). The maximum thickness 
reached is 60 ft.; the uppermost member is 
also represented in the North-West (Loc. 


30-38). The group is discontinuous and 
variable; it contains several unconformities 
and disconformities, and is in general a dia- 
chronous condensed deposit. 


(3) The Upper Glauconitic Beds 
These consist of glauconitic limestones and 
calcareous glauconitic sands; the basal few feet 
often yield faunas typical of the Cenomanian, 
which do not appear to be derived. The 
Inoceramus band contains a rich brachiopod 
fauna of Gibbythyris and Cretirhynchia of spe- 
cies which belong to the Holaster planus— 
Micraster coranguinum zones of England, 
(highest Turonian-low Senonian). The “‘Sponge 
Bed” contains Actinocamax verus Miller and 
lates of Uintacrinus- Marsupites and can there- 
ore be assigned to the Uintacrinus- Marsupites 
zone (lowest part of upper Senonian). Between 
the sponge bed and the overlying erosion sur- 
face, Gonioteuthis granulata (Blainville) and 
G. quadrata (Blainville) occur and the interval 
represents Offaster pilula to G. quadrata zones, 
(mid part of upper Senonian). The Chalk rests 
on different Greensand zones in different 
= although no angular unconformity can 

observed. 


(2) The Yellow Sandstones 

These variable beds consist for the most part 
of hard sandy argillaceous limestones and 
marls. Acanthoceras cf. sherborni Spath, Man- 
telliceras sp., Schloenbachia cf. S. subtuberculata 
(Sharpe), and brachiopods Cyclothyris schloen- 
bachi (Dav.) C. gallina (Brongniart) indicate 
the upper-middle Cenomanian age of this 
member. A suite of Foraminifera from the 
highest beds on the east coast (Loc. 9-12) is 
probably not pre-Turonian (Gough, 1905) 


(1) The Glauconite Sands 

There is good evidence that these dark green 
argillaceous glauconite sands are lower Ceno- 
manian in age. A rich shell bed in Carrs Glen 
(Loc. 7) contains Schloenbachia subvarians 
Spath, S. intermedia (Mantell), S. subtubercu- 
lata (Sharpe). The Cenomanian Actinocamax 
primus (Arkh.) also occurs at several localities. 
The above shell bed contains Foraminifera of 
several species which are characteristic of the 
Cenomanian. 


PALEOGEOGRAPHY 


The distribution of the pre-Chalk deposits 
can then be summarized as follows: 


I. A northwest Greensand basin (Loc. 32- 

35). Zone 2 of Text-figure 2. Represented 
by Unit 3. 

II. A broad northeast/southwest trend in 
which conglomerates are the basal beds 
(Loc. 19-28 and 39-40). Zone 3 of Text- 
figure 2. Represented by Unit 4. 

III. A southeast Greensand basin of variable 
character (Loc. 4-12). Zone 1 of Text- 
figure 2. Represented by Units 1-3. 
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It seems that the pre-Cretaceous surface 
under (II) above formed a barrier which was 
not finally submerged until the main Chalk 
transgression took place. This positive area 
involves the Pre-Cambrian, against which 
progressive overlap of younger formations 
takes place. 


TECHNIQUES 
Chalk Powder from Hollow Flints 


This material is usually soft and fossilifer- 
ous. The microfossils are fragile and difficult 
to obtain free from matrix as they are silici- 
fied. Gentle washing in water or boiling in 
water is sufficient to remove marly material. 
The residue is then sieved wet into grades 
and picked. 


Ballycastle Pellet Chalk 


This deposit contains a relatively rich, 
robust microfauna although some specimens 
are rather abraded by transport. The ma- 
terial is broken down as described for the 
Greensands, but less extensive treatment is 
necessary. Internal structures of individuals 
were observed by removal of the exterior of 
the test by means of dilute hydrochloric 


acid, and special serial sectioning methods 
were also used. 


Greensands, Sandstones, etc. 


It is usually necessary to break down this 
material to a sand by a recrystallisation or 
refrigeration method, or mechanically in a 
roller mill. The most successful chemical 
tried was sodium thiosulphate (common 
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photographic hypo). The sample, if very 
hard, is first broken into moderate size 
pieces, placed in a hot concentrated solution 
of “hypo” in a metal pot, and boiled. On 
cooling, crystallizing forces fracture the 
rock fragments. The process is repeated 
until sufficient fine material is available for 
picking. The reduced samples are found to 
consist of quartz, glauconite, shell frag- 
ments, fine clay grains and a very sparse 
fauna of small Foraminifera in poor condi- 
tion. 

It was obviously desirable to find a 
method of concentrating the microfauna, 
but, although all known methods of separa- 
tion were tried, none were successful as the 
density and flotation characteristics of the 
components were too nearly the same. 


The Glauconite Sands 


These samples were broken down by boil- 
ing in water. Some success in concentrating 
the Foraminifera was achieved by a panning 
method, using a shallow dish. 


The Chalk 


No method of extracting Foraminifera 
from this rock was found. Some thin sections 
were made, and in the Glauconitic Chalk 
some Casts in glauconite were obtained. 


STRATIGRAPHICAL ANALYSIS OF THE 
CAMPANIAN-MAESTRICHTIAN 
MICROFAUNA 


The range chart shows the generalized 
European ranges of some of the more im- 


EXPLANATION OF PLATE 31 


Fic. 1,2—Neoflabellina reticulata (Reuss). 1, C.H.SM-7, X23; 2, B.C.4-2, X28}. 
3-7—Neoflabellina praereticulata Hiltermann. 3, B.C.6-7, X47; 4, B.C.4-1a, X52}; 5, B.C.4-1b, 
X523; 6, B.C.4-1c, X52}; 7, B.C.6-7, X40}. 
8-11—Neoflabellina rugosa (d’Orbigny). 8, C.H.SM-8, X36; 9, B.C.SM-2, 403; 10, B.C.9-13, 


X243; 11, B.C.SM-1, X30}. 


12—Frondicularia striatula Reuss. B.C.SM-9, X93. 

13—Frondicularia lanceola Reuss. C.H.SM-10, X21. 

14,15—Frondicularia cf. F. affinis Marsson. 14, C.H.SM-12, X21; 15, C.H.SM-11, 22}. 
16—Frondicularia clarki Bagg. B.C.SM-3, X20}. 

17—Frondicularia waterst Cushman. B.C.SM-4, X40}. 

18—Frondicularia archiaciana d’Orbigny. B.C.4-3, X22}. 

19—Frondicularia linearis Franke. B.C.SM-5, X26. 

20,21—Nodosaria affinis Reuss. 20, C.H.SM-13, X23; 2/, B.C.4-17, X18. 

22—Lagena cf. L. cayeuxi Marie. B.C.A.50, X78}. 


23—Palmula cf. P. cordata Reuss. B.C.4-4, X 


11. 


24,25—Palmula robusta Brotzen. 24, C.H.SM-14, X27; 25, B.C.SM-6, X33}. 
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portant Foraminifera which occur in the 
Cretaceous rocks of Northern Ireland. The 
Campanian-Maestrichtian microfauna falls 
into three broad groups: 

1. Maestrichtian only (2 species) 

2. Campanian-Maestrichtian (13 species; there 

are many more) 

3. Campanian only (2 species) 

The two Maestrichtian species, Neoflabel- 
lina reticulata (Reuss), s.s., and Palmula 
robusta Brotzen, have not been found, in the 
variants specified, below the lowest Mae- 
strichtian (Belmnitella lanceolata beds) in 
Europe. 

In like fashion neither of the two species 
Globorotalites conicus Carsey and Neoflabel- 
lina rugosa (d’Orbigny) are known post- 
Campanian. 

In the Ballycastle Pellet Chalk most of 
the forms in the 2nd and 3rd categories may 
be found in one sample. The two forms from 
the first category are only found in the high- 
est flints of the Clay with Flints deposit. It 
may thus be assumed that the Ballycastle 
Pellet Chalk and some elements of the Clay 
with Flints contain assemblages from high 
Campanian-low Maestrichtian levels. How- 
ever, Dr. Heinrich Hiltermann has recently 
confirmed my tentative identification of Bal- 
lycastle material as Osangularia lens Brot- 
zen, a Maestrichtian index in northern Ger- 
many. Other elements of the Clay with 
Flints contain assemblages from higher lev- 
els in the Maestrichtian, corresponding to 
horizons not now represented in situ. 


MICROFAUNAL LISTS 
Campanian- Maestrichtian 
_ The following are some of the Foraminif- 
era found in the derived deposits and in the 
hollow flints of the Clay with Flints deposit: 
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Ammodiscus cretaceus (Reuss) 

Spiroplectammina dentata (Alth) 

Spiroplectammina laevis cretosa Cushman 

Spiroplectammina sp. 

Textularia cf. T. ripleyensis Berry 

Textularia cf. T. baudouiniana d’Orbigny 

Gaudryina spp. 

Siphogaudryina cf. S. foveolata (Marsson) 

Verneutlina limbata Cushman 

Verneuilina sp. 

Arenobulimina cf. A. ovoidea Marie 

Ataxophragmium subsphaerica (Marie) 

Eggerella tribullata von Hagenow 

Hagenowella elevata d’Orbigny 

Marssonella oxycona Reuss 

Orbignyna ovata von Hagenow 

Orbignyna cf. O. variable d’Orbigny 

Plectina ruthenica Reuss 

Neoflabellina reticulata (Reuss) 

Neoflabellina praereticulata Hiltermann 

Neoflabellina rugosa (d’Orbigny) 

Neoflabellina rugosa leptodisca (Wedekind) 

Frondicularia affinis Marsson 

Frondicularia angustissima Reuss 

Frondicularia archiaciana d’Orbigny 

Frondicularia cf. F. clarki Bagg 

Frondicularia cordai Reuss 

Frondicularia lanceola Reuss 

Frondicularia linearis Franke 

Frondicularia linguiformis Marsson var. 

Frondicularia ogivalis Marie 

Frondicularia striatula Reuss 

Frondicularia watersi Cushman var. 

Lenticulina spp., including 

L. rotulata Lamarck 

Marginulina cf. M. austiniana directa Cushe 
man 

Marginulina trilobata d’Orbigny 

Vaginulina cf. V. geinitzi Reuss 

Enantiovaginulina recta d’Orbigny 

Vaginulinopsts sp. 

Palmula robusta Brotzen 

Dentalina spp. 

Dentalina gracilis d’Orbigny 

Nodosaria spp. 

Nodosaria affinis Reuss 

Lagena cf. L. cayeuxi Marie 

Guttulina communis (d’Orbigny) 

Guttulina problema (d’Orbigny) 

Polymorphina acuminata d’Orbigny 

Ramulina globulifera cretacea Schacko 
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Fic. 1-4—Bolivina incrassata Reuss. B.C.4-23, X38}. 


5-8—Buliminella obtusa (d’Orbigny). B.C.9-10, 57. 

9—Buliminella cf. B. obtusa (d’Orbigny). B.C.4-25, X39. 

10-15—Bolivinoides decoratus Jones, s.s. 10, B.C.9-9, X524; 11, B.C.4-21, X54; 12, B.C.4-21, 
X54; 13, B.C.9-9, X52}; 14, B.C.6-1, X84}; 15, B.C.9-9, 52}. 

16—Bolivinoides cf. B. draco Marsson. B.C.4-22, X78}. 

17—Bolivinoides draco draco Hilt. & Koch. B.C.6-2, 903. 

18,19—Giimbelina globulosa (Ehrenberg). 18, B.C.9-14, X 1023; 19, B.C.6-5, X66}. 

20,21—Eouvigerina cretacea H-1 & Earland. B.C.A.-38; 20, X117; 21, 126. 

22—Anomalina pseudoexcolata Kalinin. B.C.9-15, X40}. 

23—Cibicides voltziana d’Orbigny. B.C.5-13, X38; 23d, pores on ventral side near margin, X 262}. 

24—Cibicides beaumontianus (d’Orbigny). B.C.5-17, X51. 
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Ramulina cf. R. brachiata Jones 
Bolivinoides decorata decorata Jones 
Bolivinoides draco Marsson 
Bolivinotdes draco militaris Hiltermann & Koch 
Bolivinitella eleyi (Cushman) 
Eouvigerina cretacea (Heron-Allen & Earland) 
Giimbelina globulosa Ehrenberg 
Bolivina incrassata Reuss 

Buliminella obtusa (d’Orbigny) 
Buliminella laevis (Beissel) 
Loxostoma plaitum Carsey 

Loxostoma sp. 

Pleurostomella subnodosa (Reuss) 
Eponides beisselt Schijfsma 

Eponides spp. 

Gyroidina umbilicata d'’Orbigny 
Gyroidinoides mitida (Reuss) 
Gyroidinoides globosa (von Hagenow) 
Stensioina pommerana (Brotzen) 
Stensioina exsculpta (Reuss) 
Stensioina sp. 

Pullenia cretacea Cushman 

Pullenia cf. P. coryelli White 
Pullenia jarvist Cushman 

Pullenia cf. P. quinqueloba (Reuss) 
Globigerina cretacea d’Orbigny 
Globigerinella aspera (Ehrenberg) 
Globorotalites conicus (Carsey) 
Globotruncana arca Cushman 
Globotruncana rugosa Marie 
Globotruncana ventricosa Brotzen [non White] 
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Anomalina clementiana d’Orbigny 
Anomalina pseudoexcolata (Kalinin) 
Cibicides excavata Brotzen 

Cibicides voltziana d’Orbigny 
Gavelinella pertusa (Marsson) 


Basal Chalk and Upper Glauconitic Beds 


(Senonian-? Turontan). 


Giimblina globulosa Ehrenberg 


Bolivinitella eleyi (Cushman) mainly from 


Globorotalites micheliniana glauconitic 
(d’Orbigny) ‘casts and 

Bulimina, Globigerina, Ver- thin 
neutlina, Globotruncana, sections 


spp. 


Basal Glauconite Sands (Lower Cenomanian). 


Tritaxia macfadyeni Cushman 

Tritaxia pyramidata Reuss 

Citharinella sp. 

Saracenaria cf. S. italica Defrance 

Vaginulina cf. V. ichenbergi Terquem 

Lenticulina, Marginulina, Vaginulina and 
Nodosaria spp. 

Eoguttulina anglica Cushman & Ozawa 

Gavelinella sp. 


Key to abbreviations and depository ref- 
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CHART SHOWING EUROPEAN RANGES OF SOME FORAMINIFERA WHICH OCCUR IN N. IRELAND 


(COMPILED FROM VARIOUS SOURCES) 
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TERTIARY BASALTS 
Funts 
Fed CHALK WITH FLINTS 
CHALK WITHOUT FLINTS 
GLAUCONITIC CHALK 
GLAUCONITIC SANDS 
YELLOW SANDSTONES 
GLAUCONITE BEDS 
CONGLOMERATES & BOULDER BEDS 


GENERALIZED CORRELATION DIAGRAM OF 
NORTH IRISH CRETACEOUS SUCCESSION. 


B.C.—from Ballycastle ‘‘Pellet Chalk”’ 

C.H.—from hollow flints in Clay with Flints 
deposit 

SM—Sedgwick Museum, University of Cam- 
bridge. No. 779 

B.C.4, B.C.5, B.C.6, B.C.9—The Queen’s Uni- 
versity of Belfast, Department of Geology 

A—Author’s Collection—some of these types 

are to be deposited in the American Museum 

of Natural History 


SYSTEMATIC PALEONTOLOGY 


Family AMMODISCIDAE 
Genus Ammopiscus Reuss, 1861 
AMMODISCUS CRETACEUS (Reuss) 

Pl. 34, fig. 9 


Operculina cretacea Reuss, 1845, Die Versteiner- 
ungen der béhmischen Kreideformation (Stutt- 
gart), vol. 1, p. 35, pl. 13, fig. 64,65. 

Cornuspira cretacea Reuss, 1860, Kaiser. Akad. 
Wissen. Naturwiss. Sitz., (Wien), vol. 40, 
p. 177, pl. 1, fig. 1. 

Cornuspira involvens (Reuss) BERRY, 1929, in 


TEXT-FIG. 4 


Berry & Kelley, U. S. Nat. Mus. Proc., vol. 76, 
pt. 19, p. 15, pl. 1, fig. 15. 

Ammodiscus cretacea (Reuss) CUSHMAN, 1934, 
Contr. Cushman Lab. Foram. Res., vol. 10, 
pt. 2, p. 44-47, (synonymy). 

Ammodiscus cretaceus (Reuss) CUSHMAN, 1944, 
Contr. Cushman Lab. Foram. Res., vol. 20, 
pt. 1, p. 2, pl. 1, fig. 2; ——, 1946, U. S. Geol. 

urv., Prof. Paper 206, p. 17,18, pl. 1, fig. 35 
(synonomy); FrizzELt, 1954, Bur. Econ. Geol. 
Texas, Rep. 22, p. 58, pl. 1, fig. 15. 


Test planispiral, closely coiled, only 
slightly involute; chamber increasing uni- 
formly in size, about ten revolutions, often 
showing radial ridging and constriction; 
suture distinct, depressed; wall finely arena- 
ceous; aperture occupies open end of tube. 

Range and distribution—The species has 
a wide range in the Cretaceous of Europe 
and the U. S. 

Hypotype-—Queen’s University, Belfast, 
B.C. 5-34. 


336 
MONEYMORE MAGILLIGAN BALLYCASTLE BELFAST 
AREA AREA AREA AREA 
(Locs 39-48) 31-35) (Locs 19-28) (Locs 1-13) 
i ZONE 3 GREENSAND BASIN ZONE 3 SE. GREENSAND 
4 ZONE 2 ZONE | 
80 
ELLET CHALK 
70 
60 
{ 
5 
a, 
20 
— 
re, 
\ \ 
3 \ \ 40 
\ 
\ 50 
\ 
\ EXOGYRA 
as==| / 
= cuay | / 
— 70 
— 


IRISH CRETACEOUS FORA MINIFERA 


FAMILY TEXTULARIIDAE 
Genus SPIROPLECTAMMINA Cushman, 1927 
SPIROPLECTAMMINA DENTATA (Alth) 
Textularia dentata ALTH, 1850, Haidinger’s Nat. 

Abh., vol. 3, p. 262, pl. 13, fig. 13. 
Spiroplectammina dentata (Alth) CusHMAN & 

Jarvis, 1932, U. S. Nat. Mus. Proc., vol. 80, 

art. 14, p. 14, pl. 3, fig. 7; —— & ——, 1946, 

U. S. Geol. Surv., Prof. Paper 206, p. 27, pl. 5, 

fig. 11. 

Test compressed, periphery rather acute; 
chambers distinct, low and broad, twenty- 
five to thirty visible, increasing slightly in 
height but rapidly in breadth; sutures dis- 
tinct, only very slightly curved, slightly de- 
pressed; wall finely arenaceous, smooth. 

Range and distribution—Described by 
Alth from the Upper Cretaceous of central 
Europe. 

Hypotype.—Author’s collection, B.C. 78. 


SPIROPLECTAMMINA LAEVIS (Roemer) var. 
CRETOSA Cushman 
Pl. 34, fig. 8a,b 
Spiroplectammina semicomplanata _(Carsey) 

PLUMMER [part], 1931, Univ. Texas Bull., vol. 

3101, p. 127, pl. 8, fig. 8, [not fig. 7]. 
Spiroplectammina laevis (Roemer) var. cretosa 

CusHMAN, 1932, Contr. Cushman Lab. Foram. 

Res., vol. 8, p. 87, pl. 11,:fig. 3; ——, 1946, 

U. S. Geol. Surv., Prof. Paper 206, p. 27,28, 

pl. 6, fig. 1-3, (synonymy). 

Test tapering, longer than broad, periph- 
ery rather acute; sutures distinct, rather 
straight; chambers shallow, about twenty- 
five visible in adult; Cushman, 1946, ‘‘the 
margin of the apertural face distinctly 
raised, giving a series of raised ridges at the 
suture lines and forming a raised zigzag line 
along the center of the test . . . ’’; wall finely 
arenaceous, smooth; aperture a low opening 
on the inner margin of the apertural face. 

Range and distribution type speci- 
men of the variant is from the upper part 
of the Taylor marl. 

Hypotype.—-Author’s Collection, B.C. 79. 


Family VERNEUILINIDAE 
Genus VERNEUILINA d’Orbigny, 1840 
VERNEUILINA LIMBATA Cushman 
Pl. 34, fig. 4 


Verneuilina limbata CusHMAN, 1936, Contr. 
Cushman Lab. Foram. Res., Spec. Publ., No. 6, 
p.2, 1. 1, fig. 2; ——, 1937, Contr. Cushman 

b. Foram. Res., Spec. Publ., No. 7, p. 12, 
pl. 1, fig. 21. 
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Test elongate, triangular in section, 
tapering; sides flat to concave; chambers dis- 
tinct, not markedly raised, strongly curved; 
wall finely arenaceous, smooth; aperture a 
sharp loop-shaped opening at the inner mar- 
gin of the apertural face. 

Range and distribution.—The type speci- 
men is from the Craie blanche of France; 
the species is characteristic of the upper 
Senonian of Europe, occurring abundantly 
in the Campanian. 

Hypotype——Queen’s University, Belfast, 
B.C. 9-12. 


Family VALVULINIDAE 
Genus PLEcTINA Marsson, 1878 
PLECTINA RUTHENICA (Reuss) 
Plectina ruthenica (Reuss) CUSHMAN, 1937, 

Contr. Cushman Lab. Foram. Res., Spec. 

Publ., No. 8, p. 105, pl. 11, fig. 10, (synonymy). 

Test elongate, slightly compressed; earli- 
est whorl with several chambers, apparently 
about four, later triserial and biserial rap- 
idly; late formed chambers become rather 
displaced tending towards a terminal posi- 
tion; early chambers indistinct, later dis- 
tinct, inflated; wall arenaceous; aperture 
terminal, rounded or elliptical. 

Range and distribution.—The type is from 
the Upper Cretaceous of Limburg. The spe- 
cies is common in the Senonian of Europe 
and is abundant in Rugen. 

Hypotype.—Author’s Collecticn, C.H. 55. 


Genus MARSSONELLA Cushman, 1933 
MARSSONELLA OXYCONA (Reuss) 
Pl. 33, fig. 8 

Gaudryina oxycona Reuss, 1860, Kaiser. Akad. 
Wissen. Naturwiss. Sitz., (Wien), vol. 40, 
p. 229, pl. 12, fig. 3. 

Marssonella oxycona (Reuss), CUSHMAN, 1933 
[part], Contr. Cushman Lab. Foram. Res., 
vol. 9, p. 36, pl. 4, fig. 13a,b; ——, 1946, U. S. 
Geol. Surv., Prof. Paper 206, p. 43,44, pl. 12, 
fig. 3-5, (synonymy, in part only); FR1zzELL, 
1954, Bur. Econ. Geol. Texas, Rep. 22, p. 75, 
pl. 6, fig. 17. 

Test conical, tapering rapidly; first whorl 
with four chambers, rapidly becoming bi- 
serial; transverse section round; chambers 
fairly distinct, not inflated, not sub-divided; 
sutures fairly distinct, flush with surface of 
the test; wall finely arenaceous; aperture a 
broad low curved opening at the inner mar- 
gin of the apertural face. 

Range and distribution—The species is 
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common in the Upper Cretaceous of Europe, 
and also occurs in the Taylor and Austin 
groups in the U.S.A. 

Hypotype-——Queen’s University, Belfast, 
B.C. 9-11. 


Family LAGENIDAE 
Genus NEOFLABELLINA Bartenstein, 1949 
NEOFLABELLINA PRAERETICULATA 
Hiltermann 
Pl. 31, fig. 3-7 


N. praereticulata is a species set up by 
Hiltermann to include forms in a morpho- 
genetic series [N. rugosa (d’Orbigny), N. 
praereticulata Hiltermann, WN. reticulata 
(Reuss)] earlier than N. reticulata, sensu 
stricto. N. praereticulata carries punctate 
ornament in the early stages of the test de- 
veloping reticulate ornament in the later 
stages; this reticulate ornament is rather 
less dense and regular than that of N. reticu- 
lata sensu stricto. 

Range and distribution.—N. praereticulata 
ranges through the upper Campanian to 
Maestrichtian. 

Hypotype——Queen’s University, Belfast, 
B.C. 6-7. 


NEOFLABELLINA RETICULATA (Ruess) 
Pl. 31, fig. 1, 2 


Flabellina reticulata Reuss, 1851, Haidinger’s 
Nat. Abh., vol. 4, pt. 1, p. 30, pl. 1, fig. 22; 
BARTENSTEIN, 1948, Senckenbergiana, vol. 28, 
pt. 4-6, p. 124. 

Flabellina favosa BEISSEL, 1891, K. Preuss. Geol. 
Landes. Abh., (Berlin), vol. 3, p. 49, pl. 19, 
fig. 25-28, pl. 26, fig. 28. 

Frondicularia reticulata (Reuss) BaGG, 1898, 
he - Geol. Sur. Bull., No. 88, p. 50, pl. 13, 

ig. 6. 

Flabellina cf. F. interpunctata (v.d. Marck) 
CusHMAN, 1926, Bull. Amer. Assoc. Petrol. 
Geol., vol. 10, pt. 6, p. 598, pl. 20, fig. 6. 

Palmula reticulata (Reuss) CUSHMAN & Topp, 
1943, Contr. Cushman Lab. Foram. Res., vol. 
19, pt. 3, p. 60, pl. 10, fig. 23, (synonymy); 
CusHMAN, 1946, U. S. Geol. Surv., Prof. Paper 
206, p. 84, pl. 31, fig. 1-6. 

Neoflabellina reticulata (Reuss) FR1zzELL, 1954, 
hag Hg Geol. Texas, Rep. 22, p. 97, pl. 12, 

g. 13,14. 


Test very thin and flattened; outline vari- 
able, rhomboidal to cordate; sides flat; early 
part of test coiled for about six chambers, 
later chambers chevron-shaped; sutures 
slightly raised as is the fine pattern of sur- 
face meshes at right-angles to them; aper- 
ture radiate. 

Range and distribution—N. reticulata, 
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$.s., appears to be restricted to the Mae- 
strichtian (Belmnitella lanceolata zone and 
above) of N.W. Germany. It is also used as 
a zone fossil in numerous other countries, 
defining the lower Velasco of Mexico and 
upper Navarro of Texas. 

Hypotype.—Queen’s University, Belfast, 
B.C. 4-2. 


NEOFLABELLINA RUGOSA (d’Orbigny) 
Pl. 31, fig. 8-11 

Flabellina rugosa D’orBIGNY, 1840, Mem. Soc. 
Geol. Fr., Ser. 1, vol. 4, p. 23, pl. 2, figs. 4,5,7; 
BARTENSTEIN, 1948, Senckenbergiana, vol. 28, 
pt. 4-6, p. 124. 

Flabellina interpunctata v.D. MARCK, 1858, Nat. 
Ver. Preuss. Rheinld. Westfal., (Bonn), vol. 15, 
p. 53, pl. 1, fig. 5. 

Frondicularia baudouiniana d'’Orbigny Cusu- 
MAN, 1926, Contr. Cushman Lab. Foram. Res., 
vol. 2, pt. 1, p. 21, pl. 3, fig. 5. 

Palmula rugosa (d’Orbigny) ScuHijrsMa, 1946, 
Med. Geol. Sticht., Ser. C-V-No. 7, p. 48-50, 
pl. 3, fig. 4, (synonymy). 

Neoflabellina rugosa (d’Orbigny) FRizzE.L, 1954, 
ro Geol. Texas, Rep. 22, p. 97, pl. 12, 

g. 15, 16. 


Test thin and flattened; outline rhomboid; 
sides flat; early chambers coiled, later chev- 
ron-shaped, with a distinct loop at the apex; 
sutures raised, surface ornament consisting 
of many small raised granules; aperture dis- 
tinct, radiate. 

Range and distribution.—It would appear 
that this species is not known from above 
the Belmnitella mucronata zone of the upper 
Campanian, where it is used as an index in 
Europe. It is also recorded from the lower 
Velasco of Mexico, and from the Taylor and 
Navarro of Texas. 

Hypotype-—Queen’s University, Belfast, 
B.C. 9-13. 


Genus FRONDICULARIA Defrance, 1824 
FRONDICULARIA ARCHIACIANA 
d’Orbigny, 1840 
Pl. 31, fig. 18 


Frondicularia archiaciana p’OrBIGNy, 1840, 
Mem. Soc. Geol. Fr., Ser. 1, vol. 4, p. 20, pl. 1, 
fig. 34-36; CUSHMAN, 1946, U. S. 1. Surv., 
Prof. Paper 206, p. 91, pl. 37, fig. 8-20, 
(synonymy). BANDy, 1951, Jour. Paleont., vol. 
25, p. 496, pl. 72, fig. 7a,b. 

Pseudofrondicularia archiaciana  (d’Orbigny) 
FR1zzELL, 1954, Bur. Econ. Geol. Texas, Rep. 
22, p. 99, pl. 13, fig. 6-8. 


Test compressed, elongate, tapering slow- 
ly, maximum width at last-formed chamber; 
sides flattened or very slightly concave; 
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sutures distinct, raised, sigmoid; proloculum 
round and inflated, with several longtitudi- 
nal costae, which may also be slightly de- 
veloped on later sutures; aperture radiate. 

Range and distribution—Although a long 
range form, the species is very widely dis- 
tributed in the upper Senonian all over the 
world. 

Hypotype.—Queen’s University, Belfast, 
B.C. 4-3. 


Genus PALMULA Lea, 1833 
PALMULA ROBUSTA Brotzen, 1948 
Pl. 31, fig. 24, 25 


Test large, variable, oval in outline, flat- 
tened; sides flattened; sutures thick, dis- 
tinct; initial part of test with a simple 
spiral, later chambers chevron-shaped; pro- 
loculum globular, inflated with two or 
three raised ribs. 

Range and distribution—The species is 
from the Maestrichtian on the continent, 
and occurs in the Danian of Scandinavia. It 
seems to be the highest index form recorded 
from Northern Ireland. 

Hypotype-—Sedgwick Museum, Cam- 
bridge, 779-6 & 14. 


Genus LaGENA Walker & Boys, 1784 
LaGENA cf. L. cAYEUXI Marie 
Pl. 31, fig. 22 


Test spherical with remnants of a small 
pyramydal boss which carries the circular 
aperture; wall calcareous ornamented with 
longtitudinal striae, about six or seven 
visible laterally, extending from the boss to 
the opposite end of the test, where they in- 
terlock forming a tiny spine, [cf. Lagena 
multistriata (Marsson) 1878.] 

Range and distribution —Recorded from 
the Campanian, Belmnitella mucronata chalk 
of the Paris Basin, by Marie. 

Hypotype.—Author’s Collection, B.C. 50. 


Family HETEROHELICIDAE 
Genus BoLivinoIpEs Cushman, 1927 
BOLIVINOIDES DECORATUS (Jones) var. 

DECORATUS (Jones) 
Pl. 32, fig. 10-15 


Bolivina decorata JONES, 1886, in Wright, Belfast 
Nat. Field Club Proc., N.S., App. 9, p. 330, 
pl. 27, fig. 7,8. 

Bolivinoides decorata (Jones) CusHMAN, 1927, 
Contr. Cushman Lab. Foram. Res., vol. 2, pt. 
4, p. 89, pl. 12, fig. 9; , [part] 1946, U. S. 


Geol. Sur., Prof. Paper 206, p. 113, pl. 48, 
fig. 8,9, (synonymy, exclusive of B. latticea). 


Bolivinotdes decorata (Jones) decorata HiLTER- 
MANN & Kocu, 1950, Geol. Jahrb., Bd. 64, 
p. 606, pl. 5, fig. 3. 

Bolivinoides decoratus (Jones) var. decoratus 
(Jones) FrizzeEtt, 1954, Bur. Econ. Geo 
Texas, Rep. 22, p. 111, pl. 16, fig. 17a,b. 

Bolivinoides decorata decorata HILTER- 
MANN & Kocu, 1955, Geol. Jahrb., Bd. 70, 
p. 365, pl. 28, fig. 4. 


Test rhomboid, compressed; earliest 
stages planispiral later biserial; chambers 
rather obscured by oblique ornamentation 
of irregular broken costae at right-angles to 
the sutures; aperture small, rounded, at 
inner margin of chamber. 

Range and distribution—Hiltermann & 
Koch, 1950, have clarified the northwestern 
European ranges of the various species and 
variants of Bolivinoides, which are dis- 


‘tributed widely in the Upper Cretaceous 


throughout the world, e.g. in Israel, Aus- 
tralia and the U.S. B. decoratus decoratus is 
restricted to the highest part of the Cam- 
panian in Europe. 

Hypotype-—Queen’s University, Belfast, 
B.C. 9-9 


Genus GUMBELINA Egger, 1899 | 
GUMBELINA GLOBULOSA (Ehrenberg) 


Pl. 32, fig. 18 


Textularia globulosa EHRENBERG, 1840, Kénig. 
Preuss. Akad. Wissen. Abh., (Berlin), Jg. 1838, 
p. 135, pl. 4, fig. 4. 

Textularia globifera Reuss [part], 1860, Kaiser. 
Akad. Wissen. Naturwiss. Sitz., (Wien), vol. 
40, p. 232, pl. 13, fig. 7,8, (not synonymy). 

Gimbelina globulosa (Ehrenberg) EGGER, 1899, 
Kénig. Bayer. Akad. Wissen. Abh., (Munich), 
Cl. 2, vol. 21, pt. 1, p. 32, fig. 43. CUSHMAN, 
1946, U.S. Geol. Surv., Prof. Paper 206, p. 105, 
106, pl. 45, fig. 9-15, (synonymy). 

Giimbelina globifera (Reuss) EGGER, 1899, Konig. 
Bayer. Akad. Wissen. Abh., (Munich), Cl. 2, 
vol. 21, pt. 1, p. 32, pl. 14, fig. 35,36,53-55. 

Giimbelina pupa (Reuss) WHITE, 1929, Jour. 
Paleont., vol. 3, pt. 1, p. 38, pl. 4, fig. 11, (non 
T. pupa Reuss). 

Giimbelina globulosa (Ehrenberg) FR12zZELL, 1954, 
Bur. Econ. Geol. Texas, Rep. 22, p. 109, pl. 15, 
fig. 24-27. 


Test tapering rapidly, broadest across 
last two chambers; chambers _ inflated, 
spherical, increasing in size more rapidly 
towards apertural end; sutures distinct, de- 
pressed; wall smooth, finely perforate; aper- 
ture broad, arched, at inner margin of last 
chamber. 

Range and distribution.—The species is re- 
corded from the Cretaceous of Gravesend 
and Paris by Ehrenberg. Cushman quotes it 
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as occurring mainly in the Senonian and 
Maestrichtian of Europe and from top 
Navarro to mid-Taylor in the U. S. Williams 
Mitchell plots its range from basal Turonian 
to upper Senonian with a peak in the Cam- 
panian. 

A development of very small specimens 
only (less than 0.1 mm.), may be likely to 
indicate Turonian/lower Senonian, and this 
situation in fact exists in the Glauconitic 
Sands of Northern Ireland. 

Hypotype-—Queen’s University, Belfast, 
B.C. 9-14. 


Genus BOLIVINITELLA Marie, 1941 
BOLIVINITELLA ELEYI (Cushman) 
Textularia obseleta Reuss ELEy, 1859, Geology in 


the Garden, p. 195-202, pl. 2, fig. 11, pl. 8, 
fig. 11, (non Reuss). 


Paper 206, p. 114, pl. 48, fig. 18-20, (synon- 


ymy). 

Bolivinitella eleyi (Cushman) ScuHijFsMA, 1946, 
Med. Geol. Sticht., Ser. C-V-No. 7, p. 72,73, 
pl. 6, fig. 10 (Synonymy); FrizzELL, 1954, Bur. 
eg Geol. Texas, Rep. 22, p. 112, pl. 16, 

g. 23. 


Test very small, length/breadth 3.1, sur- 
faces flattened or rather concave, peripheries 
slightly keeled; sutures rather indistinct; 
chambers biserial. 

The species is rather rare in Northern 
Ireland; it occurs in the Glauconitic Sands 
of Keady Hill (Loc. 35) and in the Upper 
Chalk sample British Museum of Natural 
History P.41915 from Belfast. Its distinct 
quadrate test is rather similar in appearance 
to the much larger ‘‘Textularia quadrilatera 
Schw.” of Chapman from Taplow. 

Range and distribution.—B. eleyi occurs 
commonly in the Senonian of France, Ar- 
kansas, Texas, etc. Williams Mitchell plots 
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its range from Miucraster coranguinum to 
Belmnitella mucronata zone. 

Hypotype-—British Museum of Natural 
History, P.41915. 


Genus EouvIGERINA Cushman, 1926 
EOUVIGERINA CRETACEA Heron-Allen & 
Earland 
Pl. 32, fig. 20 
Eouvigerina americana CUSHMAN, 1926, Contr. 

Cushman Lab. Foram. Res., vol. 1, pt. 1, p. 4, 
1. 1, fig. 1; ——, 1946, U. S. Geol. Surv., Prof. 
aper 206, p. 115, pl. 49, fig. 4,5, (synonymy). 
Eouvigerina cretacea (Heron-Allen & Earland) 
WuitTeE, 1929, Jour. Paleont., vol. 3, pt. 1, 
p. 42, pl. 4, fig. 18, (not Sagrina cretacea Heron- 
Allen & Earland). 
Eouvigerina americana Cushman FRIZZELL, 1954, 
Bur. Econ. Geol. Texas, Rep. 22, p. 112, pl. 16, 


fig. 15. 

Test very small, flattened laterally, giving 
the test a rather quadrate appearance; early 
chambers coiled, later biserial, of very dis- 
tinct plano-convex appearance; the last 
chamber bears a small but distinct neck 
carrying the aperture, which is circular; 
wall calcareous, perforate. 

Range and distribution—Common in the 
Upper Cretaceous of Europe, and in the 
Taylor and Austin groups in U.S.A. 

Hypotype.—Author’s Collection, B.C. 38. 


Family BULIMINIDAE 
Genus Botivina d’Orbigny, 1839 
BOLIVINA INCRASSATA Reuss 
Pl. 32, figs. 1-4 


?Textularia elongata VON HAGENOW, 1842, Neu. 
Jarb. Min. etc., Stutt., p. 570 [non Cornuel 
1848, Jones 1850, d’Orbigny 1852, Ehrenberg 
1843, Hantken 1875]. 

Bolivina incrassata Reuss, 1851, Haidinger’s 
Nat. Abh., vol. 4, p. 29, pl. 4, fig. 13. CUSHMAN, 
1946, U. S. Geol. Surv., Prof. Paper 206, p. 127, 
pl. 53, fig. 8-11, (synonymy). 
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Fic. 1—Anomalina pertusa (Marsson). B.C.5-20, X88}. 
2—Stensioina cf. S. pommerana Brotzen. B.C.5-3, 78}. 
3—Stensioina exsculpta (Reuss). B.C.5-4, X84}. 
4—Gyroidina umbilicata d’Orbigny. B.C.5-11, X66}. 


5—Eponides beisseli Schijfsma. B.C.5-10, X66 


6,7—Pullenia jarvist Cushman. 6, B.C.SM-16, X56; 7, B.C.6-9, X86. 
8-10—Marssonella oxycona Reuss. 8, B.C.4-33, X51}; 9, B.C.9-11, X69}; 10, longitudinal sec- 


tion, B.C.SM-30, X53. 


11,12—Atoxophragmium subsphaerica (Marie). 11, B.C.A-7, X57}; 12, B.C.4-30, X63}. 
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Bolivina incrassata Reuss var. lata EGGER, 1899, 
Konig. Bayer. Akad. Wissen. Abh., (Munich), 
Cl. 2, vol. 21, pt. 1, p. 46, pl. 16, fig. 8,9. 

Bolivina primatumida WhuitTE, 1929, Jour. 
Paleont., vol. 13, p. 44, pl. 4, fig. 20. 

Bolivina incrassata Reuss Seueetinn, 1946, Med. 
Geol. Sticht., Ser. C-V-No. 7, p. 77, 78, pl. 6, 


fig. 9. 
“Belivine incrassata Reuss’ FRIzzELL, 1954, 


Bur. Econ. Geol. Texas, Rep. 22, p. 117, pl. 17, 

fig. 25. 

Test elongate, slightly compressed, some- 
times with a slight twist in initial end; cham- 
bers biserial ; wall calcareous perforate; aper- 
ture loop-shaped, oblique, almost terminal, 
elongate; often the characteristic toothplate 
cannot be seen. 

Range and distribution.—The species sensu 
lato ranges from mid-Campanian to upper 
Maestrichtian, but it seems likely that vari- 
ants can be used for more precise zoning. 

Hypotype-—Queen’s University, Belfast, 
B.C. 4-23. 


Genus BULIMINELLA Cushman, 1911 
BULIMINELLA OBTUSA (d’Orbigny) 
Pl. 32, figs. 5-8 
Buliminella obtusa (d’Orbigny) ScHIJFsMA, 1946, 

Med. Geol. Sticht., Ser. C-V-No. 7, p. 80, 81, 

pl. 4, fig. 9, (synonymy). 

Test ovate, variable in shape, chambers 
arranged in an elongate spiral, about four 
per whorl, with about four whorls repre- 
sented; not noticeably inflated; sutures dis- 
tinct, not depressed; wall calcareous perfor- 
ate, smooth; aperture loop-shaped, twisted, 
occupying a depression in the apertural face. 

Range and distribution—The species 
seems to have been described only from the 
European Upper Cretaceous, but is prob- 
ably closely related to B. carseyi Plummer 
from the western hemisphere. 

Hypotype-—Queen’s University, Belfast, 


Family ELLIPSOIDINIDAE 
Genus PLEUROSTOMELLA Reuss, 1860 
PLEUROSTOMELLA SUBNODOSA Reuss 
Pleurostomella subnodosa Reuss, 1860, Kaiser. 

Akad. Wissen. Naturwiss. Sitz., (Wien), vol. 

40, p. 204, pl. 8, fig. 2; CusHMAN, 1946, U. S. 

Geel. Surv., Prof. Paper 206, p. 132, pl. 55, 

fig. 1-9, (synonymy). 

Test elongate, broadest across final cham- 
ber; early portion biserial, later irregularly 
uniserial; chambers distinct, slightly in- 
flated; sutures distinct, slightly depressed, 
becoming less oblique in later part of test; 
aperture lateral, with lip and tooth, in flat 
recessed area. 

Range and distribution.—The type speci- 
men is from the Westphalian Cretaceous. 
The species also occurs in the U. S. in the 
Taylor marl, Annona chalk, etc., and in the 
Mendez shale of Mexico. 

Hypotype——Author’s Collection, B.C. 80. 


Family ROTALIIDAE 
Genus STENSIOINA Brotzen, 1936 
STENSIOINA EXSCULPTA (Reuss) 
Pl. 33, fig. 3 
Stensioina exsculpta Reuss, BROTZEN, 1936. Sver. 

Geol. Unders. Afh. Ser. C. No. 396. Ars. 30, 

No. 3, p. 165, pl. 11, fig. 8a-8c; CUSHMAN & 

Dorsey, 1940. Contr. Cush. Lab. Foram. Res. 

vol. 16, pt. 1, p. 2, pl. 1, fig. 1-3. 

Test small to medium size, trochoid, bi- 
convex, the dorsal side only slightly convex, 
ventral side strongly convex; ten to eleven 
chambers in last whorl; dorsal sutures 
raised, distinct, irregular; ventral sutures 
curved; wall perforate; aperture elongate, 
arched, at base of final chamber on the ven- 
tral side. 

Range and distribution—wWilliams Mit- 
chell records S. exsculpta as a zone form in 
England from the top of the Micraster corte- 


EXPLANATION OF PLATE 34 
Fic. 1-3—Orbignyna ovata v. Hagenow. 1, B.C.5-24, X42; 2, stripped specimen. B.C.9-5, X45; 3, 


section, B.C.A.-13, 42. 


4-7—Verneuilina limbata Cushman. 4, B.C.SM-32, X45; 5, B.C.4-37, X28}; 6, B.C.SM-31, 


X 283; 7, B.C.9-12, X52}. 


8—Spiroplectammina laevis (Roemer) var. cretosa Cushman. B.C.5-1, X61}. 
9—Ammodiscus cretaceus (Reuss). B.C.5-34, X57. 

10—Siphogaudryina cf. S. foveolata (Marsson). B.C.4-39, X47. 

11—Globigerina cretacea d’Orbigny. B.C.6-4, X65. 

12—Guttulina communis (d’Orbigny). B.C.6-10, X61}. 

13,14—Globorotalites conicus (Carsey). 13, B.C.5-8, X69}; 14, B.C.9-22, X69}. 
15—Globotruncana arca Cushman. B.C.6-8, X703. 

16—Globotruncana sp. [between G. arca and G. ventricosa Brotzen]. B.C.5-38, X90, 
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studinarium zone to the top of the Belmni- 
tella mucronata zone. Brotzen, 1936, plots its 
range from mid-Turonian to upper ‘‘Quad- 
rata zone,” while Hiltermann, 1952, records 
the range of the species from Coniacian to 
highest Campanian and sporadically in the 
lowest Maestrichtian. 

Hypotype——Queen’s University, Belfast, 
B.C. 5-4. 


STENSIOINA cf. S. POMMERANA Brotzen 
Pl. 33, fig. 2 
(See Brotzen 1936, Cushman & 
Dorsey, 1940) 


Distinguished from S. exsculpta by its 
smaller size, flattened dorsal side, and more 
complex dorsal ornamentation, this species 
is, according to Brotzen, restricted to 
the ‘‘Mucronatensenon.” Hiltermann, 1952, 
plots its range in the upper Campanian and 
lowest Maestrichtian, somewhat a higher in- 
dex than S. exsculpta. Although North Irish 
collections contain S. pommerana and rare 
S. exsculpta, there also occur a large number 
of forms similar to S. pommerana which ac- 
cording to Brotzen (written communication) 
are neither S. pommerana nor S. exsculpta, 
although they are clearly related forms, and 
Hiltermann (written communication) would 
include some of them between S. pommerana 
and S. exsculpta. These will be treated for 
the meantime under the heading S. cf. S. 
pommerana. 

Specimens of this group are to be found 
in Queen’s University, Belfast, B.C. 5-3. 


Genus Gyrorp1Nna d’Orbigny, 1826 
GYROIDINA UMBILICATA d’Orbigny 
Pl. 33, fig. 4 


?Rotalina (Rotalina) umbilicata d’ORBIGNY, 1840, 
Mem. Soc. Geol. Fr., vol. 4, pt. 1, pl. 3, fig. 4-6. 

Gyroidina umbilicata (d’Orbigny) CUSHMAN, 
1931, Contr. Cushman Lab. Foram. Res., vol. 
7, p. 43, pl. 6, fig. 3. 

Valvulineria cf. umbilicata (d’Orbigny) CusH- 
MAN, 1931, Dept. Ed. Tennessee Bull., vol. 41, 
p. 53, - 9, fig. 2-5; —— [part], 1946, U. S. 
Geol. Surv., Prof. Paper 206, p. 139, pl. 57, 
fig. 10-12 [not fig. 9], fig. 11c,12c transposed; 


synonymy. 
Valvulineria sp. cf. Valvulineria umbilicata 
(d’Orbigny) Fr1zzELL, 1954, Bur. Econ. Geol. 
Texas, Rep. 22, p. 123, pl. 18, fig. 38, 39. 
Test trochoid, ventral side strongly con- 
vex; spiral suture slightly depressed, covered 


in the center by a calcareous boss; wall cal- 
careous perforate; aperture a low slit ven- 
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trally along the inner margin of the aper. 
tural face. 

Range and distribution.—Recorded from 
the Craie blanche of the Paris Basin, and 
from the Upper Cretaceous elsewhere. 

Hypotype.—Queen’s University, Belfast, 
B.C. 5-11. 


Family CHILOSTOMELLIDAE 
Genus PULLENIA Parker & Jones, 1862 
PULLENIA JARVISI Cushman 
Pl. 33, fig. 6,7 
Pullenia jarvisi CUSHMAN, 1946, U. S. Geol. 

Surv., Prof. Paper 206, p. 147, pl. 60, fig. 15, 

(synonymy). 

Test planispiral, involute; periphery lobu- 
late in side view; chambers distinct, slightly 
inflated, five in final coil; sutures depressed, 
curved ; wall smooth, perforate; convex aper- 
tural face with elongate low aperture and 
characteristic lip. 

Range and distribution.—The type speci- 
men is from the Upper Cretaceous of Trini- 
dad; the species is common throughout 
America and Europe. Williams Mitchell 
plots it as restricted to the Belmnitella mu- 
cronata and Ostrea lunata zones, and quotes 
its occurrence in the Actinocamax quadratus 
zone in Sweden. Schijfsma plots it as Cam- 
panian and Maestrichtian. 

Hypotype-—Queen’s University Belfast, 

A. 


PULLENIA CRETACEA Cushman 


Pullenia quaternaria (Reuss) CUSHMAN, 1931, 
Dept. Ed. Tennessee Bull., vol. 41, p. 57, pl. 10, 
fig. 5 [non Nonionina quaternaria Reuss]. 

Pullenia cretacea CUSHMAN, 1936, Contr. Cush- 
man Lab. Foram. Res., vol. 12, pt. 4, p. 75, 


1. 13, fig. 8; ——, 1946, U. S. Geol. Surv., 
rof. Paper 206, p. 146,147, pl. 60, fig. 9, (syn- 
onymy). 


Pullenia coryelli White LOTTERLE, 1937, Ne- 
braska Geol. Sur. Bull., Ser. 2, vol. 12, p. 63, 
pl. 11, fig. 3. CusaMan & Topp [part], 1943, 
Contr. Cushman Lab. Foram. Res., vol. 19, 
pt. 1, p. 6, (non White). 

Pullenia cretacea Cushman ScuijrsMa, 1946, 
Med. Geol. Sticht., Ser. C-V-No. 7, p. 91, 
pl. 5, fig. 9, (synonymy). 

Pullenia cretacea Cushman FRI1zzELL, 1954, Bur. 
agg Geol. Texas, Rep. 22, p. 126, pl. 19, 

g. 19. 


Test planispiral, subglobular, involute, 
slightly compressed laterally; periphery 
broadly rounded; chambers distinct, little 
inflated, five in final coil; sutures distinct, 
slightly curved; wall smooth, perforate; 
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aperture distinct, elongate and narrow at 
the base of the apertural face, with a very 
slight lip. 

Range and distribution.—This species has 
a similar range to P. jarvist, according to 
Williams Mitchell. The type is from the 
Upper Cretaceous of the U.S. and Schijfsma 
records the species from the Santonian and 
Campanian of Limburg. 

Hypotype.—Author’s Collection, B.C. 77. 


Family GLOBIGERINIDAE 
Genus GLOBIGERINA d’Orbigny, 1826 
GLOBIGERINA CRETACEA d’Orbigny 
Pl. 34, fig. 11 
Globigerina cretacea d'ORBIGNY, 1840, Mem. Soc. 
Geol. Fr., Ser. 1, vol. 4, p. 34, pl. 3, fig. 12-14. 
Martik, 1941, Mem. Mus. Hist. Nat., N.S., 
vol. 12, pt. 1, p. 234. ScHiyFsMA, 1946, Med. 
Geol. Sticht., Ser. C-V-No. 7, p. 93, 94. 


Test trochoid, variable in shape, dorsal 
side convex, ventral side with open umbili- 
cus; all chambers visible on dorsal side; ven- 
trally only those of the last whorl which 
average five in number; sutures depressed; 
wall calcareous, perforate, with tiny spines; 
aperture crescent-shaped, large, opening 
into the umbilicus. 

Range and distribution.—The species sensu 
lato ranges from upper Coniacian to lower 
Maestrichtian, all over the world. 

Hypotype-—Queen’s University, Belfast, 
B.C. 6-4. 


Genus GLOBIGERINELLA Cushman, 1927 
GLOBIGERINELLA ASPERA (Ehrenberg) 
Globigerinella aspera (Ehrenberg) ScHIjFsMA, 
1946, Med. Geol. Sticht., Ser. C-V-No. 7, 
p. 94,95, pl. 6, fig. 8, (synonymy); BANDy, 
1951, Jour. Paleont., vol. 25, No. 4, p. 508,509, 
pl. 75, fig. 3, (synonymy); KALinin, 1937, 
N. A. Lab. Pal. Univ. Mos. Stud. Micro., 
_ vol. 1, Fasc. 2, p. 52,60, pl. 6, fig. 97- 


Test small, planispiral, evolute; chambers 
globular about six in the final whorl, grad- 
ually increasing in size as added; sutures de- 
pressed; wall calcareous perforate, some- 
times carrying tiny spines; aperture an 
arched slit at the base of the final chamber, 
with a small lip. 

Range and distribution—The species is 
recorded from the Upper Cretaceous of 
Germany, Holland, France, Sweden and 
America. 

Hypotype.—Author’s Collection, B.C. 81. 


Family GLOBOROTALIIDAE 
Genus GLOBOROTALITES Brotzen, 1942 
GLOBORATALITES CONICUS (Carsey) 
Pl. 34, fig. 13 


Truncatulina refulgens (Montfort) var. conica 
CarsEy, 1926, Univ. Texas Bull., vol. 2612, 
p. 46, pl. 4, fig. 15. 

Globorotalia micheliniana (d’Orbigny) CUSHMAN, 
1931, Contr. Cushman Lab. Foram. Res., 
vol. 7, p. 45, pl. 6, fig. 8a,b,c; , 1946, U.S. 
Geol. Surv., Prof. Paper 206, p. 152, pl. 63, 
figs. 2,3, (synonymy; non Rotalina micheliniana 
d’Orbigny). 

Eponides micheliniana (d’Orbigny) PLUMMER, 
1931, Univ. Texas Bull., vol. 3101, p. 192, 
pl. 14, fig. 11, (non d’Orbigny). 

Gyroidina micheliniana (d’Orbigny) CUSHMAN, 
1932, Jour. Paleont., vol. 6, p. 342, pl. 51, fig. 
12, (non d’Orbigny). 

Gyroidina alabamensis SANDRIDGE, 1932, Jour. 
Paleont., vol. 6, p. 283, pl. 43, fig. 13-15. 

Globorotalites micheliniana (d’Orbigny) CusuH- 
MAN, 1948, Foraminifera, etc., ed. 4, p. 295, key 

late 35, fig. 13; TEN Dam & MAGEN, 1948 

aoe) Rev. Inst. Fr. Petr., vol. 3, pt. 8, p. 223- 

224, (non fig. 8a,b,c). (Non d’Orbigny). 
Globorotalites alabamensis (Sandidge) TEN DAM 

& MaGne, 1948, Rev. Inst. Fr. Petr., vol. 3, 

pt. 8, p. 222, 223, fig. 9. 

Globorotalites conicus (Carsey) FRizzELL, 1954, 
Bur. Econ. Geol. Texas, Rep. 22, p. 130, pl. 20, 
fig. 31, (synonymy). 

Test plano convex, dorsal side flat or 
slightly concave; ventral conical; periphery 
sharp, very slightly lobulate; chambers dis- 
tinct, about six in final whorl; sutures dis- 
tinct, not depressed, oblique on dorsal side; 
wall smooth; aperture elongate at dorsal 
margin of last chamber. 

Range and distribution —Campanian. Ap- 
parently not known from the Maestrichtian. 

Hypotype-——Queen’s University, Belfast, 
B.C, 5-8. 


Family ANOMALINIDAE 
Genus ANOMALINA d’Orbigny, 1826 
ANOMALINA PSEUDOEXCOLATA Kalinin 
Pl. 32, fig. 22 


Rosalina clementiana BEISSEL, 1891 (non 
R. clementiana d’Orbigny, 1840), K. Preuss. 
Abh., N.S., Heft 3, Taf. 16, 
g. 6-8. 

Anomalina clementiana (d’Orbigny) Darn, 1934, 
(non d’Orbigny), Trans. Geol. Oil Inst., ser. A, 
no. 43, p. 45, pl. 5, fig. 48. 

Gyroidina prae-exsculpta KELLER, 1935, Bull. 
Soc. Nat. Mos. Sect. Geol., tome 13, no. 4, 
pl. 3, fig. 28-30. 


Test involute; ventral side convex, dorsal 
side more or less flat or concave; chambers 
rather inflated; rounded on dorsal side, 
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flattened on ventral; sutures deeply de- 
pressed on ventral side, less so on dorsal, 
where they radiate tangentially from the 
line of growth; dorsal ornamentation in the 
form of irregular elevations concentrated in 
the center; wall calcareous, perforate; aper- 
ture loop-shaped, half way along the inside 
of the apertural face, and carrying a slit 
which extends ventrally. 

Range and distribution.—The type level is 
Upper Cretaceous, Santonian; the species 
occurs in the Campanian and Maestrichtian 
of northern Europe. Some specimens from 
northern Ireland represent forms inter- 
mediate between A. pseudoexcolata and A. 
clementiana d’Orbigny. 

Hypotype—Queen’s University, Belfast, 
B.C. 9-15. 


Genus CIBICIDES Montfort, 1808 
CIBICIDES VOLTZIANA (d’Orbigny) 
Pl. 32, fig. 23 

Rotalina voltziana p’ORBIGNY, 1840, Mem. Soc. 
Geol. Fr., Ser. 1, vol. 4, p. 31, pl. 2, fig. 32-34. 

Cibicides spiropunctatus DAIN, 1934, Trans. Geol. 
Oil Inst., Ser. A, No. 43, p. 48, pl. 5, fig. 53 
[non Galloway & Morrey]. 

Cibicides voltziana (d’Orbigny) Marte, 1941, 
Mem. Mus. Hist. Nat., N.S., vol. 12, pt. 1, p. 
246,247, pl. 37, fig. 345-347; Scu1jFsMaA, 1946, 
Med. Geol. Sticht., Ser. C-V-No. 7, p. 102, pl. 
5, fig. 6. 

Test approaching plano-convex condi- 
tion; circular; dorsal side flattened or very 
slightly convex with prominent central boss. 
Ventral side convex with an umbo; cham- 
bers distinct, about ten visible on dorsal 
side; aperture a curved slit at the base of 
the final chamber, extending dorsally. 

Range and distributton.—Widely described 
as C. voltziana and vars., the species ranges 
from highest Santonian to upper Maestrich- 
tian in Europe. According to Hofker (verbal 
communication) although C. beaumontianus 
is a genuine Cibicides, C. voltziana is not, for 
its porous surface is restricted. Hofker would 
refer the latter species to the genus Gavel- 
inopsts. 

Hypotype.—Queen’s University, Belfast, 
B.C. 5-13. 


CIBICIDES BEAUMONTIANUs (d’Orbigny) 
Pl. 32, fig. 24 


Truncatulina beaumontiana v’OrBIGNy, 1840, 
Mem. Soc. Geol. Fr., Ser. 1, vol. 4, p. 35, pl. 3, 
fig. 17-19. 

Cibicides involuta (Reuss) CUSHMAN, 1931, Jour. 


Paleont., vol. 5, p. 315, pl. 36, fig. 10, (non 
Rotalina involuta Reuss). 

Cibicides beaumontiana (d’Orbigny) Brotzen, 
1936, Sver. Geol. Undersok. Afh., Ser. C, No. 
396, vol. 30, pt. 3, p. 188, (var. C. excavata, 
p. 189,190). 

Cibicides beaumontianus (d’Orbigny) CusuMan, 
1940, Contr. Cushman Lab. Foram. Res., vol. 
16, pt. 2, p. 39,40, pl 7, fig. 9; ——, 1946, U.S. 
Geol. Surv., Prof. Paper 206, p. 160, pl. 65, fig. 
12, (synonymy). 

Cibicides excavata Brotzen SCHIFJSMA, 1946, Med. 
— Sticht., Ser. C-V-No. 7, p. 100, pl. 6, fig. 


Cibicides beaumontianus (d’Orbigny) 
1954, Bur. Econ. Geol. Texas, Rep. 22, p. 132, 
pl. 21, fig. 19. 


Test plano convex, shape variable, dorsal 
side flattened, ventral convex, inflated; 
chambers distinct, about six in last whorl; 
aperture a curved slit at the base of the final 
chamber. 

Range and distribution—The species 
ranges from upper Campanian to upper 
Maestrichtian in northwestern Europe. 

Hypotype-—Queen’s University, Belfast, 
B.C. 5-17. 
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EXPLANATION OF PLATE 35 
The forms illustrated are not described in the text. 


Fic. 1—Flabellina sp. B.C.4-2, X19 


2-6—“Lenticulina” spp. B.C.4-13, X293; B.C.9-16, 21; B.C.9-16, X56; B.C.9-16, X21; 


B.C.9-16, X21. 


7-11—“Planularia” spp. B.C.4-6, X30; B.C.9-17, X50; B.C.9-18, X32}; B.C.4-16, X36. 
12,13—“ Vaginulina” spp. SM-15, X123; SM-29, X16}. 


14—Pseudofrondicularia sp. B.C.4-5, X23}. 
15—Nodosaria sp. B.C.5-26, X24. 
16—Verneuilina sp. B.C.SM-33, X24. 
17—Spiroplectammina sp. B.C.5-2, X29. 
18,19—Bulimina sp. B.C5.32, X17}. 
20—Cibicides sp. B.C.5-18, X36. 


21—Gavelinella cf. G. complanata (Reuss). C.H.SM-35, X32}. 
22—Anomalina aff. A. pseudoexcolata Kalinin. B.C.5-15, X34. 
23—Cibicides cf. C. convexa. C.H.SM-36, X185 and X370. 
24—Eponides cf. E. beisseli Schijfsma. B.C.5-6, X28. 
25—Pullenia cf. P. coryelli White. B.C.5-22, X59. 


26—Ramulina sp. C.H.SM-17, X24. 
27—Pseudopolymorphina sp. B.C.5-28, X34 


28-30—Bulimina” spp. B.C.4-27, X34; B.C.4-35, X26. 


31—Bolivina sp. B.C.6-3, X69. 
32—Pyrulina sp. B.C.5-36, X29. 
33—Orbignyna sp. C.H.SM-37, X28. 


34,35—Globotruncana cf. G. marginata (Reuss). 34, B.C.5-37, X67; 35, B.C.6-4, X 1023. 
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WOLFCAMPIAN FUSULINIDS FROM THE TENSLEEP SAND- 
STONE IN THE BIG HORN MOUNTAINS, WYOMING 


G. J. VERVILLE 
Pan American Petroleum Corp., Tulsa 


Aspstract—Lower Wolfcampian Schwagerina and Triticites from the upper part 
of the Tensleep sandstone in the Big Horn Mountains are discussed and illustrated. 
This fauna is the first reported occurrence of Lower Permian fusulinids in the 
Tensleep sandstone in Wyoming, and represents the only known occurrence of 
Wolfcampian fusulinids in Wyoming other than those described from the Casper 
formation. This fauna is correlated with similar faunas known from other parts of 


the country. 


INTRODUCTION 


HE fauna illustrated in this paper is 
preserved and is not considered 
adequate for specific identifications. How- 
ever, the paleogeographic significance of the 
occurrence of lower Wolfcampian fusulinids 
in the Tensleep in the southern Big Horn 
Mountains and its effect upon the accepted 
correlation of the Tensleep are of sufficient 
importance to warrant its publication at 
this time. 
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HISTORICAL RESUME 


The Tensleep sandstone was named by 
Darton (1904) from exposures in the walls 
of the lower canyon of Tensleep Creek, 


eastern Washakie County, Wyoming. At 
that time no fossils had been found in the 
Tensleep, but it was considered by Darton 
to represent some portion of the Upper Car- 
boniferous. 

Brainerd & Keyte (1927) identified a pre- 
dominantly brachiopod fauna from the 
Tensleep sandstone at Sheep Mountain, 
north of Greybull, Wyoming. They con- 
cluded that the fossils from the Tensleep at 
Sheep Mountain indicated a position some- 
where between the Fort Scott and the upper 
part of the Kansas City of the Mid-Conti- 
nent Pennsylvanian section. 

Branson (1939) reported Fusulina and 
Staffella in the Tensleep in Wind River 
Canyon and unidentifiable fusulinids about 
115 feet below the top of the Tensleep in 
Tensleep Canyon. Branson considered the 
Tensleep fauna to be Desmoinesian in age, 
and probably entirely younger than Chero- 
kee. Subsequent work has shown that Fusu- 
lina and Wedekindellina of Cherokee age are 
present in the Tensleep at Wind River and 
Tensleep canyons. 

Thompson & Scott (1941) illustrated 
Fusulina and Wedekindellina of Cherokee 
age from the upper part of the Quadrant 
formation on Quadrant Mountain, Yellow- 


EXPLANATION OF PLATE 36 
Magnifications all X10. 


Fic. 1,2,8,9—Triticites sp. A., Axial sections from the uppermost Tensleep, Big Horn Mountains, 


Johnson County, Wyoming. 


3,4,5—Triticites sp. B., Axial sections from the uppermost Tensleep, Big Horn Mountains, 


Johnson County, Wyoming. 


6,7—Schwagerina sp., 6, Axial section; 7, oblique section; both from uppermost Tensleep, Big 
Horn Mountains, Johnson County, Wyoming. 
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stone Park, Wyoming. Wanless, Bachrach, 
Zeller, & Johnson (1945) reported Fusulina 
and Triticites to be present in the Tensleep 
in extreme western Wyoming, and that the 
Tensleep in that area includes rocks of both 
Desmoinesian and Missourian age. Pierce 
(1947) reported a lower Desmoinesian fusu- 
linid fauna from the upper part of the Ten- 
sleep at Shell Canyon. Agatston (1954) pub- 
lished a cross section along the western mar- 
gin of the Big Horn Mountains showing 
Desmoinesian fusulinds to be present in the 
Tensleep from Tensleep Canyon to as far 
north as Beaver Creek. Henbest (1954) 
listed Desmoinesian fusulinids from the 
Tensleep sandstone in the northern Big 
Horn Mountains in Wyoming and Montana 
and from the Wind River Mountains in Wy- 
oming. Wanless, Belknap, & Foster (1955) 
reported Fusulinella of Atokan or Lampasas 
age from the Tensleep in the Gros Ventre 
Range and Triticites of middle Missourian 
age from the Tensleep in the Snake River 
Range. It was also suggested that rocks of 
Virgilian age may be present in the interval 
above the Triticites horizon in the Snake 
River Range. 


STRATIGRAPHIC CONSIDERATIONS 


With the exception of the works published 
by Wanless et al. (1945, 1955), Thompson & 
Scott (1941), and part of Henbest (1954), all 
of the above fusulinid references are con- 
cerned with the Tensleep sandstone near the 
western and northwestern margins of the 
Big Horn Mountains. In this part of the 
Big Horn Mountains, the Tensleep sand- 
stone is relatively thin, and the fusulinids 
which are Desmoinesian in age occur in the 
upper parts of the section. 

The Tensleep sandstone in the southern 
Big Horn Mountains contains the lower 
Wolfcampian fusulinids Schwagerina and 
Triticites. These fusulinids were found in the 
uppermost part of the Tensleep sandstone 
along the eastern flank of the Big Horn 
Mountains, about four miles southwest of 
Mayoworth. The Desmoinesian fusulinids 
Wedekindellina and Fusulina are also pres- 
ent in the Tensleep in the southern Big Horn 
Mountains. Here, however, the Desmoin- 
esian fusulinids occur from 300 to 400 feet 
below the top of the Tensleep. 

The northward thinning of the Tensleep 


G. J. VERVILLE 


sandstone has been reported by several ay- 
thors and is especially well shown in the 
cross sections published by Agatston (1954), 
This thinning may be due in part to a re. 
gional thinning of Tensleep deposition in a 
northerly direction. However, it appears 
that erosion at the top of the Tensleep is the 
principal reason for the northward thinning, 
In the southern Big Horn Mountains, ero- 
sion of upper Tensleep occurred after depo- 
sition of lower Wolfcampian. From the 
standpoint of geologic history and _paleo- 
geographic interpretation, this event appar- 
ently occurred somewhat later than has 
heretofore been recognized. Agatston (1954) 
postulated that the Big Horn region prob- 
ably became emergent during the Mis- 
sourian, with the intensity of upwarp in- 
creasing during the Virgil, and attaining its 
maximum during Lower Permian. 

The occurrence of lower Wolfcampian 
fusulinids in the upper part of the Tensleep 
in the Mayoworth area of the Big Horn 
Mountains extends the areal distribution of 
known Lower Permian rocks in Wyoming. 
Previous correlations between the Casper 
and Tensleep formations have been based 
largely on the supposition that the Tensleep 
sandstone is no younger than Desmoinesian 
or possibly middle Missourian in age and 
that the Casper formation ranges in age 
from Desmoinesian to lower Wolfcamp. The 
Wolfcampian fusulinids from the Tensleep 
sandstone are closely similar, if not con- 
specific with, the Wolfcampian fusulinids 
described by Thompson & Thomas (1953) 
from the Casper formation in the Laramie 
Range. The Tensleep sandstone in the 
southern Big Horn Mountains ranges in 
age from Desmoinesian (Cherokee) to lower 
Wolfcampian and is correlative with almost 
all of the Casper formation exposed in the 
Laramie Range. The only part of the Casper 
formation which may be slightly younger 
than the Tensleep is the unfossiliferous part 
occurring stratigraphically above the high- 
est occurrence of Schwagerina and Triticites. 
Although Wedekindellina has not been de- 
scribed from the Casper formation in the 
Laramie Range, the presence of Fusulina 
plattensis in the Casper formation (Thomp- 
son & Thomas, 1953) strongly suggests that 
rocks of Cherokee age are present in the 
lower part of the Casper formation. Agat- 
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ston (1954) states that fusulinids of middle 
Cherokee age occur 80 feet above the base 
of the Casper formation in Granite Canyon. 

Rocks of pre-Desmoinesian age may be 
present in the lower part of the Casper for- 
mation; however, Thompson, Thomas, & 
Harrison (1953) suggested that since Des- 
moinesian fusulinids were found only a 
short distance above the Pre-Cambrian in 
the southern part of the Laramie Range 
that the basal beds of the Casper formation 
in Gilmore Canyon-Granite Canyon area 
are no older than Desmoinesian. 

Tensleep equivalents in the Hartville Up- 
lift in southeastern Wyoming include Di- 
visions I, II, III, and the upper part of Di- 
vision IV of the Hartville formation (Con- 
dra & Reed, 1935; Condra, Reed, & Scherer, 
1940). Divisions IV and V of the Hartville 
formation have been considered to be Ato- 
kan in age by some authors (Love, Henbest, 
& Denson, 1953; Bates, 1955); however, the 
occurrence of Wedekindellina about 90 feet 
below the top of this unit (combined Divi- 
sions IV and V) makes it necessary to con- 
sider that at least this upper 90 feet is 
Desmoinesian Cherokee in age. 


PALEONTOLOGIC CONSIDERATIONS 


The specimens collected and studied for 
this paper are so poorly preserved that re- 
liable measurements cannot be obtained. It 
is hoped that in the future better preserved 
material will become available for study. 

A few generalized statements concerning 
the affinities of this fauna will be sufficient 
to establish the objectives of this paper. 
The lower Wolfcampian fusulinids illus- 
trated and discussed in this paper were col- 
lected from the uppermost part of the Ten- 
sleep along the eastern flank of the Big Horn 
Mountains in Section 8, T. 44 .N., R. 83 W., 
Johnson County, Wyoming. 

Schwagerina and Triticites indicate that 
the upper part of the Tensleep sandstone 
in the southern Big Horn Mountains is 
Lower Permian in age. This determination 
is significant in view of the fact that over 
much of central Wyoming the Tensleep has 
been considered to be no younger than Mid- 
dle Pennsylvanian in age. The lower Wolf- 
campian fauna of the upper Tensleep can 
be correlated with lower Wolfcampian 
faunas in the Mid-Continent area, north- 


central Texas, and the type Wolfcamp sec- 
tion of West Texas. The Tensleep in the 
southern Big Horn Mountains is to be cor- 
related with most of the Casper formation 
in the Laramie Range and with Divisions I, 
II, and III, and the upper part of combined 
Divisions IV and V of the Hartville forma- 
tion of southeastern Wyoming. The in- 
creased areal extent of known Wolfcampian 
rocks in Wyoming necessitates some rein- 
terpretation of the paleogeography and the 
geologic history of the Tensleep sandstone. 


TRITICITES sp. A 
Pl. 36, fig. 1,2,8,9 


The large specimens illustrated as Trits- 
cites sp. A are most closely similar to Triti- 
cites notus Thompson & Thomas (1953) 
from the Casper formation in the Laramie 
Range. The Tensleep specimens are slightly 
larger, more inflated fusiform, possess a 
somewhat smaller form ratio for outer volu- 
tions, and are in some cases more highly 
fluted. The Tensleep specimens are similar 
to T. notus in proloculus diameter, spiro- 
thecal thickness, tunnel angle, and cho- 
mata development. 

Tricities sp. A is similar in many respects 
to Triticites pinguts Dunbar & Skinner from 
the lower part of the Wolfcamp formation, 
Glass Mountains, Texas. 

Triticites sp. A is considered to be lower 
Wolfcampian in age, and that part of the 
Tensleep sandstone from which it was ob- 
tained is correlated with the lower Wolf- 
campian part of the Casper formation in 
the Laramie Range, the lower part of the 
Council Grove Group in Kansas, the Camp 
Creek shale of north-central Texas, and the 
lower part of the Wolfcamp formation in 
the Glass Mountains of Texas. 


TRITICITES sp. B 
Pl. 36, fig. 3-5 


The specimens here referred to as Triti- 
cites sp. B are illustrated mainly for the pur- 
pose of showing the variations in the Ten- 
sleep Wolfcampian fauna. The smaller size, 
fewer volutions, smaller proloculus, and 
more sharply pointed poles serve to dis- 
tinguish Triticites sp. B from the specimens 
illustrated as Triticites sp. A. Triticites sp. B 
appears to be similar in over-all shell de- 
velopment to the specimens described by 
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Thompson & Thomas (1953) as Triticites 
aff. T. ventricosus from the Casper forma- 
tion. 


SCHWAGERINA sp. 
Pl. 36, fig. 6,7 


Specimens of Schwagerina sp. are rare in 
our collections from the upper Tensleep. 
However, these few specimens of Schwa- 
gerina certainly demonstrate that the upper 
part of the Tensleep from which they were 
collected is lower Wolfcampian in age. The 
specimens illustrated as Schwagerina sp. are 
similar to specimens described from the up- 
per part of the Casper formation and to 
others from lower Wolfcampian rocks in the 
Mid-Continent region and Texas. 
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per DEVONIAN CONODONT FAUNAS FROM 

SOUTHWEST ENGLAND 

ae F. H. T. RHODES anp D. L. DINELEY 

V., University of Wales and University of Exeter 

nif- 

nd- ApsTRACT—Thirteen genera of conodonts are represented in four samples of lime- 

eld stone from a Devonian limestone-shale sequence at Bishopsteignton, South Devon, 
England. The exact stratigraphic position of these samples is uncertain, but it is 

M., probable that they fall within the Frasnian and Famennian stages. Belodus, Hindeo- 

20- della, Ozarkodina, and Polygnathus are the genera most abundantly represented. The 

Ig: “Ordovician” forms present, Belodus and Paltodus, are regarded as a stratigraphic 

art admixture. Hibbardella, Polygnathus, Prioniodina, and Synprioniodina have not 
been recorded from strata older than the Upper Devonian elsewhere; Centrognatho- 

k: dus and Elsonella appear to be confined to that division. The supposedly Upper 
Devonian genera Ancyrodella, Ancyrognathus, Icriodus, Palmatolepis, and Polylopho- 

he donta are not present at Bishopsteignton. A new species of Belodus and one of 

g: Ozarkodina are described. The fauna is similar to those described from Cedar Valley 
limestones in Minnesota, where “‘Ordovician’’ forms are also associated with the 

he Devonian. The age of that formation seems to be Middle Devonian, though an 

4 Upper Devonian age has also been suggested. 

s INTRODUCTION sible in the Upper Devonian of the Franken- 

from Devonian limestones  wald. 

‘ near Newton Abbot, South Devon, Eng- It has been found that in Devon the rocks 

d land were recorded many years ago by most readily yielding conodonts are lime- 

" Young (1880). Others have since been ob-_ stones, and the cores from the borehole de- 

. tained from horizons within the British scribed below have provided the first large 


Upper Paleozoic rocks, but no serious 
study of them has yet been made. The 
writers have made a wide search for cono- 
dont-bearing horizons in the Devonian and 
Carboniferous rocks of South West England, 
and the present paper describes conodonts 
from limestones taken from a borehole at 
Bishopsteignton, near Newton Abbot. The 
South Devon region is structurally complex 
and has suffered a widespread low-grade 
metamorphism, rendering the selection of a 
suitable type section difficult. Macrofaunas, 
where they exist, usually are poorly pre- 
served. The classical type localities of the 
Devonian of western Europe have not been 
systematically searched for conodont fau- 
nas, so that the British species must gen- 
erally be compared with those of: North 
America, where the Devonian conodonts 
are particularly well known. Certain Ger- 
man micropaleontologists, however, are at 
present investigating the conodont faunas of 
the Rhenish Upper Devonian (Beckmann, 
1953; Sannemann, 1953, 1955). Sannemann 
(1955) has suggested that some form of 
zoning by means of conodonts may be pos- 


faunas obtained from South Devon. The 
borehole is situated some 50 yards north of 
the Newton Abbot-Teignmouth road, be- 
tween Floor Lane and Church Road in the 
village of Bishopsteignton on the north side 
of the Teign Estuary (national grid refer- 
ence = 21/910733). The local geology has 
been described by Ussher (1913). The mas- 
sive limestones here and at Newton Abbot 
and Chudleigh were regarded as Upper 
Devonian by Ussher, and Anniss (1933) es- 
tablished the Frasnian and Famennian age 
of the beds at Chudleigh, four miles away 
to the northwest. Lloyd, in a revision of 
the Geological Survey’s Torquay Memoir 
(1933), suggested correlations of the Upper 
Devonian occurring south of the River 
Teign with the stages recognized on the con- 
tinent. 

The succession within the Upper Frasnian 
and Famennian north of Bishopsteignton is 
rather different from that to the south, 
where thick volcanics are interbedded with 
the sediments. The shales and limestones at 
Bishopsteignton are dull green, grey-blue 
and, less frequently, red. Bright colors are 
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Samples yielding conodonts 
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Valley gravel 


Well-bedded, grey 

limestone, veined 

with calcite and 
atite 


Crystalline 
grey limestone 


3 Red, shaly 
limestone 


Fine grained, grey, 
massive limestone 
with haematite 
Stringers 


s Red, sandy 
limestone 


Fine grained, red, 


Grey crystalline 
limestone, veined 
with calcite 


Red, argillaceous 
10 limestone 


limestone 
12 Red shale 
13 Grey limestone 


14 Red shale 


Red shale with 
15 calcite in joints 
1@ Red limestone 
Red shale 

Red timestone 
19 Red shale 


20Grey limestone 


Red shale with 
caicite nodules 
21 and partings 


Red shale with 
few cakite 
nodules and 
partings 


Red. argillaceous 
23 fimestone 


24 Dark red shales 


© crystalline limestone 


Red, sandy limestone 


Fine grained, grey 


dominant near Torquay, and calcareous ma- 
terial occurs not only as bedded limestone 
but also in the form of numerous bands of 
concretions and nodular marl comparable 
with the distinctive Knollenkalk and Kram. 
menzelstein types of lithology. Anniss (1933) 
distinguished a group of variegated “Ento- 
mis’’ shales near Chudleigh lying above thin 
limestones and shales, together constituting 
a “Red Series” (Famennian) distinct from 
the ‘‘Massive (Cuboides) limestone’’ be- 
low. Conodonts have now been collected 
from both the ‘‘Massive Limestone” and 
the ‘“‘Red Series” in the Chudleigh area and 
from the equivalent beds near Torquay. 


THE BOREHOLE SECTION 


The borehole was drilled through some 20 
feet of valley gravel into the underlying 
Devonian limestones and shales to termi- 
nate in soft, red, micaceous shales at 170 
feet below the surface. The lithologies en- 
countered are similar in part to those at 
Chudleigh and in part to those at Torquay 
and Saltern Cove, near Paignton (Anniss, 
1927). The actual succession is puzzling 
(Text-fig. 1). The uppermost beds are typ- 
ically massive and well-bedded dark grey 
limestones. Red limestones appear below, 
and the strata become progressively more 
argillaceous with depth. The greater part of 
the lower half of the section consists of red 
shales within thin limestones and contains 
pods, veins, and partings of calcite and re- 
crystallized nodules of the Knollenkalk and 
Krammenzelstein type. There is no indica- 
tion of any volcanic material in the section. 

Except near the base of the borehole, 
there ‘is no evidence that faults cut the 
strata, but the limestones occasionally con- 
tain veins and partings of calcite and hema- 
tite. The strata appear to be horizontal or 
nearly so. 

The uppermost limestones are similar to 
those found just above the outcropping 
“Massive (Cuboides) Limestone’”’ at Chud- 
leigh, and the thin-bedded red shales and 
reddened limestone in the mid-parts of the 
borehole appear similar in lithology to the 
‘‘Clymenia laevigata limestone and shale” of 


TEXT-FIG. /—Diagrammatic section of the strata 
penetrated by the borehole at Bishopsteign- 
ton. 
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ENGLISH DEVONIAN CONODONTS 


Anniss at Well and Olchard. The shales near 
the bottom of the borehole, unlike rocks 
higher up, did not yield cores and were ex- 
tracted in an extremely broken state. They 
may have been shattered by faulting or 
thrusting. Otherwise they are very similar 
to, and may be coeval with, the ‘““Entomis” 
shales near Torquay. 

As outlined above, the borehole section 
shows a general inversion of the sequence 
found at Chudleigh. West of Bishopsteign- 
ton the main outcrop of the massive lime- 
stone is bounded by volcanic rocks and, ac- 
cording to Ussher (1913), the junction is 
inverted. The field evidence is as yet not 
conclusive, but it appears possible that 
much of the Devonian outcropping at 
Bishopsteignton is inverted. If such an in- 
version can be demonstrated, the close simi- 
larity of the sequence here to that at Chud- 
leigh becomes clear. The 17 feet of massive 
gray limestone at the top of the section may 
then be Lower Frasnian and the 70 feet of 
limestones and shales below may be Upper 
Frasnian and Lower Famennian in age, ac- 
cepting Anniss’s dating of the Chudleigh se- 
quence as correct. The conodont faunas, 
however, do not confirm an Upper Devonian 
age for the borehole section. As discussed 
below, a Middle Devonian element is pres- 
ent, while certain supposedly charactristic 
American Upper Devonian forms have not 
been found. 


EXAMINATION OF MATERIAL 


Samples of limestones and shales were 
taken from the cores. Fifteen samples of 
limestone, each of about two pounds weight, 
taken at approximately 10-foot intervals in 
the upper parts of the borehole and more 
irregularly at lower horizons, were digested 
in,15 percent acetic acid, and the residues 
were afterwards sieved and sorted. Several 
samples of shale were examined under a bi- 
nocular microscope but no fossils were de- 
tected. The borehole yielded no macro- 
fauna beyond a few brachiopod fragments. 

Only four samples of limestone yielded 
any micro-fauna. They were those taken 
from approximately 20, 46, 69, and 104 feet 
below ground level. Each sample yielded 
less than one ounce of residue. Besides cono- 
donts, a few siliceous sponge spicules and 
small straw-colored spheres, which appear 
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to be identical to the egg cases? recorded by 
Stauffer (1940, p. 434) were collected. 


GENERAL REVIEW OF THE 
CONODONT FAUNA 


The conodonts present in limestone from 
the borehole represent thirteen genera, of 
which the most common are Belodus, Hin- 
deodella, Polygnathus, and Ozarkodina. The 
remainder appear to be relatively rare. The 
“accepted” ranges of these genera, based 
upon those given by Ellison (1946) and Fay 
(1952), with some minor modifications by 
Rhodes (1953a), are plotted (Text-fig. 2). 
Reference to this figure will reveal, that with 
two striking exceptions, these ranges suggest 
an Upper Devonian age for the present 
faunas. The genera Hibbardella, Polygna- 
thus, Prioniodina and Synprioniodina have 
not been recorded from strata older than 
Upper Devonian, and Centrognathodus and 
Elsonella appear to be confined to the Upper 
Devonian. 

A puzzling feature of this fauna is the ap- 
parent absence of such typical and charac- 
teristic Upper Devonian genera as Ancyro- 
della, Ancyrognathus, Palmatolepis and Poly- 
lophodonta. Icriodus is also apparently ab- 
sent; however, the authors have found it 
together with some of the other listed 
genera, in other Devonian faunas from 
southwest England. These genera are fre- 
quently present in Upper Devonian strata 
of North America and Europe, although 
Stauffer (1940) records only Icriodus from 
the Devonian of Minnesota. The absence of 
such forms at Bishopsteignton may perhaps 
be explained by the relatively small samples 
available for study from the borehole, or it 
may be that the age of the present fauna is 
pre-Upper Devonian, and that the ‘‘Upper 
Devonian” genera which do occur in it, 
occur in older beds in England than they 
do in North America. The genera Belodus 
and Paltodus are regarded by most conodont 
students as restricted to the Lower Paleozoic. 

There is a similarity between this fauna 
and that described by Stauffer (1939, 1940) 
from within and from the clays above the 
Cedar Valley Devonian limestones of Min- 
nesota, although the British fauna contains 
a much smaller number of species than does 
that of Minnesota. The following forms are 
common to both faunas: Belodus triangularis 
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Stauffer, B. devonicus Stauffer, Lonchodina 
cf. L. disjuncta Stauffer, Polygnathus lingut- 
formis Hinde, P. varcus Stauffer, P. xylus 
Stauffer and Synpriontodina forsenta Stauf- 
fer. Downs & Youngquist (1950) collected 
Hindeodella, Icriodus, Ozarkodina and Poly- 
gnathus xylus from the Cedar Valley Lime- 
stone in Iowa, and they referred this forma- 
tion to the Middle Devonian, though an 
Upper Devonian age had previously been 
suggested more than once. Although Stauf- 
fer’s faunas and those of Downs & Young- 
quist appear to be Middle Devonian in age, 
it does not necessarily follow that these spe- 
cies are exclusively Middle Devonian. 
Thomas (1949), for example, has recorded 
Polygnathus linguiformis from the Maple 
Mill (Upper Devonian) shale of south-east- 
ern Iowa. 


THE POSSIBILITY OF A STRATIGRAPHIC 
ADMIXTURE 


The presence of Belodus and Paltodus in 
the present fauna represents a conspicuous 
anomaly. Most conodont students consider 
Belodus to be exclusively Ordovician in age, 
and Paltodus exclusively Ordovician and 
Silurian in age, since their occurrence in 
younger strata is largely unknown. There 
are, however, two striking exceptions. Bond 
(1947) reported distacodids from the Ohio 
shale (Devonian), although Paltodus does 
not appear to be represented in the three 
specimens figured. Stauffer (1940) recorded 
Paltodus and species of Belodus identical to 
those here recorded in the Devonian lime- 
stones and associated clays from Minnesota 
mentioned above. Other ‘‘distacodids” in 
post-Silurian deposits almost certainly rep- 
resent broken fragments of large denticles of 
other genera. Neither Bond’s nor Stauffer’s 
nor the present specimens can, however, be 
interpreted in this way. The only alterna- 
tive explanations are that (a) the ranges of 
Belodus and Paltodus extend further up- 
wards into beds younger than those at pres- 
ent recognized, or (b) the present fauna 
represents a stratigraphic admixture, in 
which the Lower Paleozoic conodonts have 
been redeposited as detrital sediments in a 
Devonian sea. If such is the case, then the 
presence of both genera would seem to indi- 
cate that land composed of Ordovician rocks 
was undergoing erosion in Southern England 
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in Devonian times. Other Lower Paleozoic 
genera have been found in faunas from the 
Pilton Beds (Upper Devonian) of North 
Devon. 

The possibility of a longer time range 
than that which is generally assumed for 
these genera appears unlikely. A total of 
some one hundred Devonian conodont fau- 
nas has been studied and described, and 
only in the two discussed above is there an 
anomalous occurrence of genera. 

The interpretation of the present fauna 
as a stratigraphic admixture appears more 
justifiable. Such mixtures are known in a 
number of instances in conodont faunas 
(Branson & Mehl, 1940), some ten samples 
having been recorded. In such cases the 
derived conodonts may or may not show 
signs of wear. In several of the examples re- 
ferred to above, mixture has apparently 
taken place in transgressive seas, the mixed 
faunas being found in the basal sediments of 
the younger formations. 

It will be noted in Table 1 that all four 
limestone samples yield Belodus, while two 
yield Paltodus. None of the core samples 
from which the conodonts were collected 
represents the basal member of any of the 
limestone formations. Further, the present 
specimens of these two genera are indistin- 
guishable in their perfect state of preserva- 
tion from the accepted indigenous Devonian 
forms. They show no signs of wear or ero- 
sion, and have a glossy surface texture and 
pale straw color similar to the indigenous 
forms. 

Of the two possible alternatives, the au- 
thors favor stratigraphic admixture. The 
lack of any signs of wear and the presence of 
derived conodonts are, however, obvious dif- 
ficulties. 

A more striking coincidence is the very 
close similarity between Stauffer’s (1940) 
Devonian fauna and the present faunas. The 
virtually identical forms present in both 
suggest longer ranges of genera, even though 
the suggestion of a stratigraphic admixture 
is preferred. The problem must await final 
solution until considerably more is known 
of European and American Devonian faunas. 
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TABLE J—OCCURRENCE OF CONODONT SPECIES IN LIMESTONES OF THE 
BISHOPSTEIGNTON BOREHOLE 


Sample No. 


3 2 


Belodus erectus n. sp. 

B. triangularis Stauffer 

Belodus sp. 

Belodus cf. B. devonicus Stauffer 
Centrognathodus sp. 

Elsonella sp. 

Hibbardella angulata (Hinde) 

Hibbardella cf. H. multidens Ulrich and Bassler 
Hibbardella sp. 

Hindeodella spp. 

Ligonodina ct. L. flexuosa Branson and Mehl 
Ligonodina sp. 

Lonchodina alternata Ulrich and Bassler 
Lonchodina cf. L. disjuncta Stauffer 
Lonchodina cf. L. paucidens Ulrich and Bassler 
Ozarkodina willei n. sp. 

Ozarkodina cf. O. firma (Stauffer) 

Ozarkodina cf. O. plana (Huddle) 

Ozarkodina spp. 

Paltodus sp. 

Polygnathus linguiformis Hinde 

P. varcus Stauffer 

P. xylus Stauffer 

Prioniodina subcurvata Ulrich and Bassler 
Prioniodus cf. P. idoneus Stauffer 
Spathognathodus sp. 

Synprioniodina forsenta Stauffer 
Synprioniodina ? sp. 


Xx X 
X 


Xx 


for samples from the borehole and for infor- 
mation concerning the succession there. The 
thanks of one of them (F.H.T.R.) are due 
to the Royal Society, the Durham Colleges 
in the University of Durham, and the Uni- 
versity of Illinois and of the other (D.L.D.) 
to the University of Exeter for research 
funds and facilities during the progress of 
the work. 


SYSTEMATIC PALEONTOLOGY 


The super-generic classifications of UI- 
rich & Bassler and of Branson & Mehl are 
not used in the present paper. Conodont 
genera are arranged alphabetically. The 
text-figures which accompany the descrip- 
tions are generalized drawings designed to 
show the more characteristic generic fea- 
tures. Catalogue numbers refer to slides de- 
posited in the Geology Department of the 
University of Exeter, England. 


Genus BELopus Pander, 1856 


Type species: B. gracilis Pander. 
Stauffer (1935a, 1935b) gives two slight- 


ly different tranlations of Pander’s generic 
description. Branson & Mehl (1933, p. 97) 
also emended the description. 


BELODUS TRIANGULARIS STAUFFER 
Pl. 37, fig. 1,2 
Belodus triangularis STAUFFER, 1940, p. 420, pl. 

59, fig. 49; Fay, 1952, p. 67. 

Specimens which can be referred to this 
species are common in the present faunas. 
They exhibit the characteristic hollow cone, 
open at its posterior end, triangular in cross- 
section, with a flat base and an outer face in- 
tersecting the base at an angle of about 
90° If Branson & Mehl’s terminology is 
used, rather than Stauffer’s, the outer lateral 
face would include also the ‘‘base.” The oral 
edge is surmounted by numerous, crowded, 
small erect denticles, which extend just be- 
yond the point of maximum recurvature, 
towards which they tend to become smaller 
in size. 

The fang is slender and pointed with its 
apical cross section sub-circular. No con- 
spicuous basal flanges are developed. There 
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TEXT-FIG. 3—Belodus sp. 


appears to be considerable variation in the 
depth of the basal cone among specimens. 
Figured specimens.—Catalogue numbers 
2-9, 3-26. 
Occurrence.—Samples 1, 2, 3 and 4 


BELODUS ERECTUS n. sp. 
Pl. 38, fig. 8 


A Belodus with long, slender fang, with in- 
wardly off-set anterior edge. The denticles 
of the oral edge about ten in number, very 
short, unequal. The posterior margin of the 
cone very deep. Outer lateral face convex, 
inner lateral face almost flat. 

Basal cone deep posteriorly, but tapering 
sharply towards the point of maximum re- 
curvature; the fang slender, the lower por- 
tion continuously recurved, the apical por- 
tion straight and making an angle of about 
90° with the oral edge of the basal cone. 
Aboral margin of basal cone conspicuously 
laterally compressed, giving a sharp edge 
and a conspicuous marginal depression on 
each of the lateral faces, which on the outer 
face decreases in width towards the point 
of recurvature, where it becomes inconspicu- 
ous. The oral edge tends to have a similar 
marginal depression below the denticles. 
Outer lateral face strongly convex, inner al- 
most flat, with regular basal depression. The 
fang is slender, long, basally recurved, but 
the apical portion is straight; it is laterally 
twisted, so that it has an anterior inner 
edge; its outer-anterior face is strongly con- 
vex, its inner posterior face flatter, especially 
Near its base. Denticles of oral edge very 
short, crowded but discrete; unequal, erect, 
strongly laterally compressed with sharp an- 
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terior and posterior edges and gently convex 
lateral faces; confined to portion of basal 
cone below point of maximum recurvature. 
Whole unit deeply excavated, walls very 
thin. 

Remarks.—This species is readily dis- 
tinguished from all others by the diagnosis 
given. It differs from B. grandis Stauffer 
and B. wykoffensis Stauffer in its more slen- 
der construction, its deep posterior, un- 
flared margin, and its very small, posteriorly 
restricted, oral denticles. 

Types.—Catalogue numer 1-4 (holotype), 
3-10 (paratype). 

Occurrence—Samples 1 and 4 


BELODUS sp. 
Pl. 38, fig. 9 


A single poorly preserved specimen has a 
massive basal cone, with a very conspicuous 
outer lateral ridge, four widely spaced oral 
denticles, and a slender, slightly recurved 
fang. 

Figured specimen.—Catalogue number 
2-15. 

Occurrence.—Sample 4 


BE.Lopuws cf. B. DEvonicus Stauffer 
Pl. 37, fig. 3 
Belodus devonicus STAUFFER, 1940, p. 420, pl. 59, 


fig. 47,48; STAUFFER & THIEL, 1941, p. 229; 
Fay, 1952, p. 67. 


A number of the present specimens are 
closely comparable with Stauffer’s figured 
holotype of this species. There appears to 
be a slight variation in the present speci- 
mens in the size of the terminal cusp and 
considerable variation in the depth of the 
basal cone. 

Remarks.—Some specimens show con- 
siderable lateral curvature of the anterior 
end, so that one lateral face is conspicu- 
ously concave and the other convex. 

Figured specimen.—Catalogue number 
3-9. 

Occurrence—Samples 1, 2, 3 and 4 
Genus CENTROGNATHODUS (CENTRO- 
GNATHUS) Branson & Mehl, 1933 

Type species: C. sinuosa Branson and 
Mehl. 


CENTROGNATHODUS sp. 
Pl. 37, fig. 4 


A fragmentary specimen appears to be- 
long to this genus. The blade is strongly 
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apical 
denticle 
oral edge 
blade 
outer 
anterior oboral 
spur margin 


flexure 
TEXT-FIG. 4—Centrognathodus sp. Outer lateral 


view. Terminology of a broken specimen. 


arched in a vertical plane, deep and strongly 
compressed laterally; very feebly out-flexed 
in a horizontal plane, with the anterior end 
in-flexed and down-flexed; an outer-anterior 
spur is developed just posterior to the point 
of flexure of the anterior bar. The oral edge 
of the blade is crowned with a series of sub- 
parallel, posteriorly inclined denticles, which 
are discrete, except at their bases, sub-circu- 
lar in cross-section, and which tend to de- 
crease in size towards the distal ends of the 
bar. The denticles are inclined sub-parallel 
to the plane of the outer-anterior spur, 
there being at least four or five on each side 
of its point of origin, which is marked by the 
development of the largest denticle; the 
length of any one of these denticles is ap- 
proximately equal to the depth of the bar 
below it, which also decreases towards the 


distal ends of the bar. The outer-anterior 
spur is biconvex in cross-section; it is broken 
in the present specimen and no oral denticles 
can be observed. The aboral edge of the unit 
is regularly concave below the apex, the 
lateral faces of the bar feebly convex, and 
the aboral margin blade-like. 

Figured specimen.—Catalogue 


Occurrence—Sample 4 
Genus ELSoNELLA Youngquist, 1945 
Type species: E. prima Youngquist. 


Ellison (1946, p. 108) has suggested that 
this genus represents a junior synonym of 


apicol 
denticle 


distal end of bor 


TEXT-FIG. 5—Elsonella sp. Lateral view. 


EXPLANATION OF PLATE 37 
All photographs are retouched. 


Fic. 1,2—Belodus triangularis Stauffer. 1, Lateral view, 2-9, X40; 2, lateral view; 3-26, X85. 
3—Belodus cf. B. devonicus Stauffer. Lateral view; 3-9, X85 


4—Centrognathodus sp. Outer lateral view; 2-3, 


5—Elsonella sp. Lateral view; 2-18, X32. 


x40 


6-10—Hindeodella sp. Lateral views, 6, 1-14, X40; 7, 1-6, X40; 8, 1-7, X40; 9, 1-22, X40; 


10, 2-6, X40. 


Spathognathodus s view; 1-3, X40. 


12,13—Paltodus s 


teral view; 3-18, 40; 13, lateral view; 3-18, X40. 


14—Lonchodina cf. v paucidens Ulrich & Bassler. Lateral view; 14, x40. 

15—Lonchodina alternata Branson & Mehl. Lateral view; 2-4, x40. 

16—Ligonodina cf. L. flexuosa Branson & Mehl. Lateral view; 2-5, 40. 

17-19—Polygnathus linguiformis Hinde. 17, Oral view; 3-3, x40; 18, oral view; 1-24, X40; 


19, aboral view; 2-21, X40. 


20—Ozarkodina firma (Stauffer). Lateral view; 1-11, X100. 

21—Polygnathus linguiformis Hinde. Oral view; 34, X 100. 

22,23—Polygnathus varcus Stauffer. 22, Aboral view; 1-5, X85; 23, oral view; 1-16, X 32. 
24—Ozarkodina cf. O. plana Huddle. Lateral view; 2-1, X 100. 


25—Ligonodina sp. Lateral view; 2-19, X 100. 
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either Synpriontodina or Palmatodella. Ref- 
erence to Youngquist’s illustrations (1945) 
suggest that this may be so in the case of 
one species (E. secunda) included by him in 
the genus Elsonella. The general form and 
symmetry of the type species (E. prima) 
would seem, however, entirely to exclude 
this species from either of the genera Syn- 
prioniodina or Palmatodella, both of which 
are defined by their asymmetry (Ulrich & 
Bassler, 1926, p. 41-42). 

Only one specimen from the present fau- 
nas appears referable to this genus and it is 
difficult to base generic conclusions upon it. 
Study of this and Youngquist’s illustrations 
suggest, however, that the genus is valid, 
but that Youngquist’s original description 
may need to be slightly revised in the light 
of subsequent studies. 


ELSONELLA? sp. 
Pl. 37, fig. 5 


A single specimen is tentatively included 
within this genus. It is not referable to 
either existing species and is therefore de- 
scribed in detail. Since only a single, in- 
complete specimen has been collected, a new 


species is not erected. 

Bar symmetrically arched, the sub-apical 
angle being about 80°. Apical denticle, ver- 
tical in lateral view, slender, elongated; 
gently convex anterior and posterior faces, 
tapering to a point; gently flexed inwards 
along its length; at least twice as long as the 
largest lateral denticles of the bar. About 
seven denticles are symmetrically developed 
on each side of the apical denticle, which they 
resemble in general form: there is a gradual 
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decrease in their size towards the distal ends 
of the lateral bars; the denticles are basally 
confluent, only their apices being discrete. 
The bar is deep, its depth being about equal 
to the length of the medial lateral denticles; 
the distal ends of the bar are spatulate; the 
sub-apical angle rounded, and its aboral 
edge thin, and blade-like; it is thickest near 
the base of the denticles. No obvious aboral 
flanges are developed. 

Remarks.—This specimen differs from E. 
prima Youngquist in its lack of aboral 
flanges, the form and size of the cusp, the 
smaller number of lateral denticles and its 
considerably larger sub-apical angle. One 
lateral bar of the present specimen was 
broken after it had been described but be- 
fore it was photographed. 

Figured specimen.—Catalogue number 
2--18. 

Occurrence.—Sample 4 


Genus HIBBARDELLA Ulrich & 
Bassler, 1926 


Type species: H. (Prioniodus) angulatus 
(Hinde). 
HIBBARDELLA ANGULATA (Hinde) 


Prioniodus angulatus H1NDE, 1879, p. 360, pl. 15, 
fig. 7; GRABAU, 1899, p. 151, fig. 33D; GRABAU 
1910, p. 244, fig. 1537h; BRYANT, 

p. 17. 

Hibbardella angulata ULRIcH & BASSLER, 1926, p. 
37, pl. 3, fig. 1-4; BRANSON in Branson & Mehl, 
1933, p. 141, pl. 11, fig. 16; HUDDLE, 1934, p. 
16, 21-22, 78-79, pl. 3, fig. 6,7; CHADWICK, 
1935, p. 316; BRANSON & MERL, 1941, . 175; 

& , 1944, p. 241, pl. 93, fig. 73; 

GLAESSNER, 1945, p. 28, fig. 4, subfig. 15; 

CAMPBELL, 1946, p. 845; Bonn, 1947, p. 21, 28, 

pl. 2, fig. 9; YounGgutst, 1947, p. 100-101, pl. 


EXPLANATION OF PLATE 38 
All photographs retouched; all except 2, 3 are X85. 


Fic. 1—Ozarkodina willsi, n. sp. Lateral view; 2-13. 


2—Hindeodella sp. Lateral view; 1-17, X 100. 


3—Polygnathus lingutformis Hinde. Oral view; 1-21, X32. 
4— Syn prioniodina forsenta Stauffer. Lateral view; 2-22. 
5—Ozarkodina willsi, n. sp. Lateral view; 2-13. 
6—Hibbardella angulata (Hinde). Lateral view; 1-25. 
7—Polygnathus varcus Stauffer. Lateral view; 3-37. 
8—Belodus erectus, n. sp. Holotype, lateral view; 1-4. 


9—Belodus sp. Lateral view; 2-15. 


10—Lonchodina cf. L. disjuncta Stauffer. Lateral view; 1-23. 
11,12—Priontodus cf. P. tdoneus Stauffer. 11, Lateral view; 3-35; 12, lateral view; 3-33. 


13—Hibbardella, n. sp. Anterior view, 2-10. 


14—Hibbardella cf. H. multidens Ulrich & Bassler. Anterior view; 1-13. 
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TExtT-F1G. 6—Hibbardella sp. Posterior view. 


24, fig. 16,17; YouNcquist, HrpBarRD & REI- 
MANN, 1948, p. 53, pl. 15, fig. 2,13; THomas, 
1949, p. 422; Fay, 1952, p. 100. 

A single fragmentary specimen is referred 
to this genus. It agrees in all respects with 
Hinde’s original description, although the 
median longitudinal groove of the apical 
denticle is only very feebly developed. UI- 
rich & Bassler (1926), Branson & Mehl 
(1933) and other subsequent workers have, 
however, noted the considerable variation in 
forms referable to this species. 

Figured specimen: Catalogue number: 
1-25. 

Occurrence-—Sample 3 


HIBBARDELLA cf. H. MULTIDENS Ulrich 
& Bassler 
Pl. 38, fig. 14 
Hibbardella multidens ULRicH & BASSLER, 1926, 

p. 38, pl. 3, fig. 8; HoLmEs, 1928, p. 11; CHap- 

WICK, 1935, p. 316; MILLER & YOUNGQUIST, 

1947, p. 508, pl. 72, fig. 8,9, pl. 73, fig. 10,11; 

YouncGguist, H1pBARD & REIMANN, 1948, p. 

50, 53-54, pl. 15, fig. 10; Fay, 1952, p. 101. 

A single fragmentary specimen exhibits 
the typically large sub-apical angle of the 
lateral bars, the discrete lateral denticles, 
the conspicuous sub-apical flange, and the 
long, slender fang. The fang is strongly com- 
pressed with sharp lateral edges, a convex 
posterior face and a flatter anterior face. It 
is strongly and continuously recurved. The 
lateral bars are also strongly antero-pos- 
teriorly compressed, with almost flat an- 
terior and posterior faces. Only two lateral 


denticles are present on the broken lateral 
bar, and these are very widely spaced. 
Figured spectmen.—Catalogue number 
1-13. 
Occurrence-—Sample 4 


HIBBARDELLA sp. 
Pl. 38, fig. 13 


A single specimen appears to represent a 
new species of the genus. This specimen was 
undamaged when photographed but was 
severely damaged during transportation. It 
is therefore illustrated but not described in 
detail nor given a specific name. 

Remarks.—This specimen differs from H. 
angulata (Hinde) in its lack of a median 
groove on the apical denticle and in thede- 
velopment of subsidiary denticles on the 
lateral bars. It differs from H. distans 
Huddle in its lack of arching in the lateral 
bars and the absence of an “‘escutcheon” in 
the latter. 

Figured specimen.—Catalogue number 
2-10. 

Occurrence.—Sample 4 


Genus HINDEODELLA Ulrich & 
Bassler, 1926 


Type species: H. subtilis Ulrich and Bass- 
ler. 
HINDEODELLA spp. 
Pl. 37, fig. 6-10; Pl. 38, fig. 2 


Hindeodella is one of the most common 
genera of conodonts found in the limestones 
from the borehole. Each limestone studied 
contains representatives of the genus, but 
almost all the specimens are fragmentary. 
Partly because of this fact, no attempt is 
made to classify the specimens below the 
generic level. There are almost one hundred 
described species of the genus, many of 
which appear synonymous. The majority of 
these species are so loosely described that 
differentiation between them is a most 
speculative task, and one of questionable 
value. A few of the present specimens could 
be compared with three or four existing spe- 
cies. The genus itself is one with a long 
stratigraphical range, and appears to be of 
little use as an index fossil. 

It is, however, noteworthy that the pres- 
ent representatives of the genus show 4 
striking overall similarity to the species de- 
scribed by Huddle (1934) from the Upper 
Devonian New Albany Shale of Indiana. 
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Figured specimens.—Catalogue numbers 
1-6, 1-7, 1-14, 1-17, 1-22, 2-6. 
Occurrence.—Samples 1, 2, 3 and 4 


Genus LiGconop1NA Ulrich & 
Bassler, 1926 


Type species: L. pectinata Ulrich and 
Bassler. 


LiconopiNna cf. L. FLExuosA Branson 
& Mehl 
Pl. 37, fig. 16 
Ligonodina flexuosa BRANSON & MEHL, 1933, p. 

199, pl. 15, fig. 28; Cooper, 1939, p. 390-391, 

419, pl. 45, fig. 46; BRANsoN, 1944, p. 163; 

Tuomas, 1949, p. 411, pl. 3, fig. 14. 

A single specimen is compared with this 
species. It exhibits the characteristic form 
and proportions, including the stout antero- 
interior process, the wide posterior bar, with 
the typical excavation and the discrete, sub- 
circular denticles, which are largest towards 
the mid-point of the bar. There are two 
minor features in which this specimen does 
not conform with Branson & Mehl’s specific 
description. The distal portion of the an- 
terior fang makes an acute angle with the 
posterior bar. The fang of this specimen is 
more complete than that of the holotype, 
which is described as forming approximately 
aright angle with the posterior bar. It ap- 
pears that this is true only for the basal por- 
tion of the fang, and not for the recurved 
distal portion. The second minor difference 
isthat thedenticleof the antero-inferior proc- 
ess adjacent to the anterior fang is smaller 
than those which follow it. 

Figured specimen.—Catalogue number 
-5, 
Occurrence.—Sample 4 


LoncHopDINA Ulrich & Bassler, 1926 


Type species: L. typicalis Ulrich and 
Bassler. 


LONCHODINA ALTERNATA 
Ulrich & Bassler 
Pl. 37, fig. 15 
Lonchodina alternata ULRicH & BASSLER, 1926, 

p. 35, pl. 6, fig. 4; HoLMEs, 1928, p. 13; CHaD- 

WICK, 1935, p. 315; Fay, 1952, p. 121. 

Two fragmentary specimens are included 
within this species. Both are characterized 
by very conspicuous arching of the basal 
bar in both horizontal and vertical planes, 
where in each case the curvature of the dis- 
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TEXtT-F1G. 7—Lonchodina sp. Lateral view. 


tal ends amounts to about 90°. The basal 
bar is stout, blade-like in its distal portion, 
but increasing in width towards the largest 
denticle, below which the dorsal surface is 
deeply excavated, The denticles of the an- 
terior bar, five or more in number, are dis- 
crete, somewhat compressed, with gently 
convex lateral faces and sharp edges, 
pointed, tending to increase in size towards 
the largest (apical) denticle. These denticles 
are continuously recurved inwards and 
backwards and the two nearest the apical 
denticle alternate with considerably small- 
er, sharply pointed denticles. 

Figured specimen.—Catalogue number 


Occurrence.—Samples 3 and 4 


LONCHODINA cf. L. PAUCIDENS 
Ulrich & Bassler. 
Pl. 37, fig. 14 


A single fragmentary, (immature?) speci- 
men is compared with this species. Ulrich 
and Bassler’s specific description is inade- 
quate to define the species, but the present 
specimen is broadly similar to their illus- 
trated specimen. 

Figured specimen.—Catalogue number 
1-14. 

Occurrence.—Sample 4 


Loncnopina cf. L. pisyuncTa Stauffer 
Pl. 37, fig. 16 


Lonchodina disjuncta STAUFFER 1938, p. 435, pl. 
51, fig. 7; Fay, 1952, p. 122. 


A few specimens appear to be comparable 
with this species. They agree with Stauffer’s 
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description in general form, degree of arch- 
ing, number and arrangement of denticles, 
and the form of the sub-apical pit. The 
apical denticle is, however, rather less 
strongly developed than Stauffer’s descrip- 
tion implies, but his holotype has the cusp 
broken at its base, and its general size may 
not be much greater than that of the present 
specimens. The denticles of the posterior 
limb of one of the present specimens tend to 
be laterally compressed, with sharp edges 
and gently convex faces. 

Figured specimen——Catalogue number 
1-25. 

Occurrence. Sample 4 


Genus OZARKODINA Branson & Mehl, 1933 


Type species: O. typica Branson & Mehl. 


OzARKODINA FIRMA (Stauffer) 
Pl. 27, fig. 20 
Ctenognathus firmus STAUFFER, 1938, p. 425, pl. 

48, fig. 2,6,15; Fay, 1952, p. 84. 

One specimen shows a marked similarity 
in all its features to one of Stauffer’s syn- 
types. 

Figured specimen.—Catalogue number 
1-11. 

Occurrence.—Sample 2 


OzarKkopiNa cf. O. PLANA (Huddle) 
Pl. 37, fig. 24 
Bryantodus planus HUDDLE, 1934, p. 75-76, pl. 

10, fig. 8; Fay, 1952, p. 73. 

Neither Huddle’s description nor his 
illustration of this species are wholly di- 
agnostic, but two of the present specimens 
appear to correspond closely with Huddle’s 
description. Their general proportions, form 
and arrangement of the denticles and degree 
of curvature in a vertical plane all appear 
similar. The apical denticle in the present 
specimens is, however, rather longer than 
that of Huddle’s holotype. 

Figured specimen.—Catalogue number 
2-1. 

Occurrence.—Sample 4 


OZARKODINA WILLSI Rhodes & Dineley, 
sp. nov. 
Pl. 38, fig. 1,5 


An Oszarkodina of slender proportions, 
with basal margin curved in a vertical plane 
below apical denticle so that the straight 
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distal ends of the basal bar diverge at an 
angle of about 135°. Bar strongly laterally 
compressed, the length of the anterior por- 
tion being about half that of the posterior, 
Denticles, inclined posteriorly, closely 
spaced, but discrete for most of their length, 
more or less pointed. Apical denticle about 
twice the width of the other denticles. Sub- 
apical navel of medium size. Basal margin 
curved in a vertical plane below the apical 
denticle, so that at this point the basal 
margin is broadly concave. The distal 
portions of the basal bar are straight, and 
diverge at an angle of about 135°. The ends 
of the bar are spatulate. The whole unit is 
thin, laterally compressed, and sometimes 
very gently flexed in a horizontal plane. 
The unit is of slender construction, tending 
to be deepest at the anterior end, and taper- 
ing towards the posterior end. The point of 
flexure (marking the division of the bar into 
its anterior and posterior portions) is 
situated about one-third of the total length 
of the bar from the anterior end. 

Oral denticles closely spaced, but discrete, 
of slender construction. The apical denticle 
about twice as wide at its base as the largest 
of the other denticles. All denticles are sub- 
parallel, being inclined posteriorly, are 
basally confluent but apically discrete, have 
sharp anterior and posterior edges and very 
feebly convex lateral faces, and have more or 
less sharply pointed apices. Anterior portion 
of bar bearing about eight denticles, which 
increase posteriorly in size and inclination. 
Posterior portion of bar bearing eleven or 
twelve similar denticles, which decrease in 
size posteriorly: those in the middle of the 
bar tending to be slightly larger than those 
nearer the apical denticle. 

Aboral surface blade-like, with medium 
sized sub-apical navel, and _ excavated 
throughout its length by a very thin, but 
distinct, groove. 

Types.—Catalogue number 2-13 (holo- 
type), 2-2 and 2-11 (paratypes). 

Remarks.—This species is readily dis- 
tinguished from all others by its general 
slender form, the degree and position of 
vertical curvature, and the character of the 
denticles. 

The species is named in honor of our 
teacher and friend, Professor L. J. Wills. 

Occurrence-—Samples 3 and 4 


Genus Pattopus Pander 1856 
Type species: P. subaequalis Pander. 


PALTODUS sp. 
Pl. 37, fig. 12,13 


Two specimens are referred to this genus. 
One of these is complete and exhibits the 
typical ‘‘paltodid” basal outline, with ex- 
panded anterior portion and laterally com- 
pressed posterior portion. The basal anterior 
face is broadly rounded, the posterior edge 
is sharp. The whole cone is gently recurved, 
the apical portion making an angle of about 
45 degrees with the base. The lateral faces 
exhibit the anterior expansion and posterior 
compression in the lower two-thirds of their 
length, but are otherwise unornamented. 

The fragmentary specimen appears similar 
in general form to that just described. 

Remarks.—There seems to be no possibil- 
ity of these specimens representing frag- 
ments of the cusp (or fang) of more complex 
forms (e.g. Ligonodina, Priontodus etc). The 
basal margins and general characters of both 
point clearly to their recognition as dista- 
codids. 

Figured specimen.—Catalogue number 
3-18. 

Occurrence.—Samples 2 and 4 


Genus PoOLYGNATHUS Hinde 1879 


Type species: P. dubtus Hinde. 

Hinde erected this genus to include ‘‘an 
animal possessing numerous minute and 
variously formed conodont teeth and simi- 
larly minute tuberculated plates grouped 
together, but of which the natural arrange- 
ment is not at present known’’ (1879, p. 
361). He therefore proposed the genus for 
what he considered to be a natural assem- 
blage of conodonts, which represented the 
remains of a single animal. Later workers 
have amended Hinde’s description, inter- 
preting the association of a number of 
diverse conodonts in one assemblage as 
purely fortuitous. Recent studies by Scott 
(1934, 1942), Schmidt (1934, 1950) Du Bois 
(1943) and Rhodes (1952), however, have 
indicated the possibility of such assemblages 
being natural, i.e. of representing the re- 
mains of single conodont-bearing animals. A 
study of Hinde’s figures of the components 
of P. dubius suggests that possibly they 
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TEXxT-FIG. 8—Polygnathus sp. (a) lateral view; 
(b) oral view. 


may represent a natural assemblage of the 
‘“‘Type-A” described by Rhodes (1954). 

Bryant (1921, p. 22) amended Hinde’s 
definition as follows: 

In the present uncertainty, even as to the 
class of animals which bore these teeth, it 
seems to me advisable to retain Pander’s 
generic names to the forms described by him 
and to restrict Hinde’s genus Polygnathus to 
those crested crushing or tritoral plates so 
characteristic of his type specimen. 


Roundy (1926, p. 13) agreed with Bryant 
in interpreting as coprolitic in origin the 
assemblage described by Hinde. He re- 
stricted the genus by selecting P. dubius 
Hinde as the type species, the specimen 
figured by Hinde (1879) as Plate 16, fig. 7. 

Branson & Mehl (1933, p. 146-147) 
described a topotype specimen, which they 
referred to this species. However, they ap- 
parently (p. 146) accepted Hinde’s illustra- 
tion as representative of the type specimen. 
Ulrich & Bassler (1926, p. 43-45) redefined 
the genus, accepting P. pennatus as the type 
species. It is this later description which is 
at present accepted for the genus by the 
majority of conodont students. 


POLYGNATHUS LINGUIFORMIS Hinde 
Pl. 37, fig. 17-19,21; Pl. 38, fig. 3. 


Polygnathus linguiformis HINDE, 1879, p. 367, pl. 
17, fig. 15; Fay, 1952, p. 155. 

Polygnathus crassus HINDE, 1879, p. 365, pl. 17, 
fig. 3; Fay, 1952, p. 152. 

Polygnathus? simplex H1NDE, 1879, pp. 367-368, 
pl. 17, fig. 18; Fay, 1952, p. 159. 

Polygnathus peracutus BRYANT, 1921, p. 25, pl. 
10, fig. 12; Fay, 1952, p. 157. : 

Polygnathus sanduskiensis STAUFFER, 1938, p. 
438, pl. 53, fig. 27,36,37; Fay, 1952, p. 159. 

(See Fay, 1952, Univ. Kans., Paleont. Contr., 

Vertebrata, Art. 3, for complete synonomies.) 
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Members of this species are among the 
most common conodonts from the Lime- 
stones numbers 3 and 4, some of them 
attaining a very large size. The largest 
measures approximately 2 mm. long. In- 
dividuals agree closely in form with those 
figured by Stauffer (1940). There is con- 
siderable variation in form during ontogeny, 
and a representative collection of individuals 
showing this variation is illustrated (Pl. 37, 
fig. 17-19,21). The variation is conspicuous 
in the following features: a, the curvature of 
the axis of the plate in a horizontal plane, 
which increases with age, so that in adult 
specimens the outer edge is in-flexed at a 
right angle: 6, the curvature of the axis of 
the dental units in a vertical plane, which 
tends to increase with age: c, the relative 
length of the node-like central carina of the 
posterior plate, which tends to decrease 
posteriorly with age and d, the denticula- 
tion, represented both by the denticles and 
the nodes of the blade and carina, and by 
the costae of the platform, tends to become 
blunted and inconspicuous with increasing 
age. 

Remarks.—Reference to Branson’s illus- 
tration (1933, pl. 12, fig. 6,7) of Hinde’s 
holotype indicates that P. sanduskiensis 
Stauffer is a junior synonym of P. lingut- 
formis Hinde. Hinde’s specimen of P. lingu- 
iformis was collected from the Genesee 
(Upper Devonian) of North Evans of New 
York. 

It is difficult to separate such specimens as 
this from the genus Siphonodella. In its 
general form S. duplicata Branson and Mehl 
shows some resemblance to some species of 
Polygnathus. The development of the 
“spout-like” lateral rostral ridges in some 
specimens appears almost to bridge the gap 
between the two genera. 

Figured spectmens.—Catalogue numbers 
1-21, -24; 2-21; 3-3, -4. 

Occurrence.—Samples 3 and 4 


POLYGNATHUS VARCUS Stauffer 
Pl. 37, fig. 22,23; Pl. 38, fig. 7 
Polygnathus varcus STAUFFER, 1940, p. 430, pl. 
60, fig. 49,53,55; STAUFFER & THIEL, 1941, p. 
229; Fay, 1952, p. 161. 
The diagnostic feature of this species 
appears to be the flaring basal cavity, 
developed just anterior to the symmetrical, 


smooth or feebly ornamented platform, 
which rarely exceeds one-third of the total 
length of the whole unit, in the present 
specimens. 

Figured specimens.—Catalogue numbers 
1-5, 3-37. 

Occurrence.—Sample 1 


POLYGNATHUS XYLUS Stauffer 


Polygnathus xylus STAUFFER, 1940, p. 430-31, pl. 

60, fig. 42,50,54,65-7,69,72—-4, 78,79; STAUFFER 

8 THIEL, 1941, p. 229; Downs & Younc. 

Quist, 1950, p. 671, pl. 87, fig. 15,16; Fay, 

1952, p. 161. 

This species is one of the most common 
in the present faunas, the many specimens 
agreeing closely with Stauffer’s description. 
Unfortunately, Stauffer’s twelve figures do 
not include any oral views. There is a tend- 
ency in some of the present specimens for the 
open, anterior end of the platform, adjacent 
to the anterior blade, to show a slightly 
asymmetrical development. 

Occurrence.—Sample 1, 2, 3 and 4 


Genus PRIONIODINA Ulrich & Bassler, 1926 


Type species: P. subcurvata Ulrich & 
Bassler. 
PRIONIODINA sp. 


Two specimens appear to belong to this 
form but they are slightly different. 


aboral flange aboral surfoce 
TEXT-FIG. 9—Prioniodina sp. 


The essential features include the strongly 
curved bar, the 18 or so discrete, sub-equal 
denticles and the large cusp, situated near 
to the posterior end of the bar. 

Occurrence.—Sample 4. 


Genus Prioniopus Pander, 1856 


Type species: P. elegans Pander (by sub- 
sequent designation). 


cusp 

| 


The original description, an illustration 
of the morphological terms, and a discussion 
of the genus are given by Rhodes (1955). It 
is dificult to separate some of the present 
specimens from Euprioniodina, but since 
the anterior-aboral process is not ‘‘directed 
distinctly backwards” and bears denticles 
which are not “more or less discrete” 
(Branson & Mehl, 1933, p. 208), they are 
here referred to Prioniodus. This is in con- 
trast to Ulrich & Bassler’s earlier suggestion 
of the distinction between the two genera 
(1926, p. 29), but appears justified by Bran- 
son & Mehl’s discovery of denticulation on 
the anterior-aboral process of the type 
species of the genus (1933, p. 129). 


Prioniopus cf. P. Stauffer 
Pl. 38, fig. 11,12 
Prioniodus idoneus STAUFFER, 1938, p. 413,440, 

pl. 49, fig. 19; Fay, 1952, p. 172. 

Stauffer figures only one specimen, the 
fragmentary holotype, and his brief descrip- 
tion is inadequate to define the species 
fully. The description could well be applied 
to almost any member of the genus, but a 
number of specimens in the present collec- 
tion resemble the holotype. The majority of 
them are in a perfect state of preservation, 
and are almost identical in morphology. 
They are therefore described in detail. 

The unit is of stout construction, the pos- 
terior bar, the fang and the anterior-aboral 
process all being of massive proportions. 
Posterior bar straight or gently curved in a 
vertical plane. Aboral margin smooth and 
somewhat inflexed on outer lateral face; 
bevelled on inner face. Denticles of posterior 
bar crowded but discrete, major series about 
six in number, with irregular development 
of much smaller secondary denticles; den- 
ticles increase in size posteriorly and are 
inclined slightly forward, so that they lie 
sub-parallel to the cusp; bluntly pointed, 
strongly laterally compressed, with sharp 
anterior and posterior edges and convex 
lateral faces (the inner of which is more 
strongly rounded); these denticles may be 
slightly in-curved in some specimens. Main 
cusp also strongly laterally compressed, 
bluntly pointed, in-flexed more or less 
strongly; with conspicuous flaring inner 
aboral navel; inner lateral face more convex 
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than outer; sharp anterior and posterior 
edges. Anterior-aboral process stout, dis- 
tally pointed, forms a continuous straight 
anterior edge with the cusp; descreases in 
width distally; anterior edge bearing 3 or 4 
denticles, their apices discrete, which are 
similar in form to and lie sub-parallel with 
those of the posterior bar and anterior 
process, 

Figured specimens.—Catalogue numbers 
3-33, -35. 

Occurrence.—Sample 1 


Genus SPATHOGNATHODUS Branson & 
Mehl, 1941 


Type species—S. primus (Branson & 
Mehl). 


SPATHOGNATHODUS? sp. 
Pl. 37, fig. 11 


A single fragmentary specimen, appar- 
ently representing this genus, is present in 
Sample 1. It displays the basally coalesced, 
laterally compressed oral teeth, blade-like 
bar and flaring basal navel characteristic 


of the genus. 
Figured specimen.—Catalogue number 


1-3. 
Occurrence.—Sample 1 


Genus SYNPRIONIODINA Ulrich & 
Bassler, 1926 
Type species: S. alternata Ulrich & 
Bassler. 
SYNPRIONIODINA Sp. 
Pl. 38, fig. 4 
Figured specimen.—Catalogue number 


2-22. 
Occurrence.—Sample 4 


posterior bar 


aboral edge 


apical aboral flange 


anterior 
bar 


TEXT-FIG. 10—Synprioniodina sp. 
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““EGG CASES”? 


Stauffer (1940, p. 434) describes egg- 
cases? from clay associated with the Devo- 
nian limestones in Minnesota. A few similar 
spherical bodies occur in each of the lime- 
stones yielding conodonts at Bishopsteign- 
ton. They are remarkably uniform in size 
being about 6 mm. in diameter, and are 
somewhat larger than Stauffer’s specimens 
and with a relatively larger central cavity. 
A faintly concentric structure is apparent in 
broken specimens, The spheres sink in 
bromoform (specific gravity 2.9) and appear 
to resemble conodonts in the physical char- 
acters of their substance. They occur only in 
the limestones yielding conodonts. 
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LATE MISSISSIPPIAN FAUNA FROM THE REDOAK HOLLOW 
FORMATION OF SOUTHERN OKLAHOMA, PART I 


MAXIM K. ELIAS 
University of Nebraska, Lincoln 


ABSTRACT—The described invertebrates, mostly bryozoans and assorted boring 
organisms, come from the Redoak Hollow formation of the Ardmore basin, south- 
ern Oklahoma, and are of latest Chester age. Status of fossil boring sponges is re- 
viewed, and two new species described. Three transitional forms between Rhab- 
domeson and Rhombopora are established; also the presence of a rhabdomesontid 
axial tube in Streblotrypa nicklesi is recorded. Two new genera, one subgenus, and 
twenty-six new species and varieties of bryozoans are introduced. The stratigraphic 
distribution of late Mississippian species of Archimedes is summarized. This is the 
first part of a monographic description of the Redoak Hollow fauna. 


FOREWORD 
By C. W. TOMLINSON 


N THE following paper Elias reports on a 

heretofore undescribed fauna of many 
species from the Goddard shale, ‘‘Pennsy]l- 
vanian Caney,” of the Ardmore Basin in 
southern Oklahoma, a formation previously 
assigned to the lower part of the Springer 
series (Cheney, 1945) or to the Springer 
group of the Morrow series (Moore et al., 
1944). It was then thought to be possibly 
of earliest Pennsylvanian age. Although 
some elements of this fauna show closer 
resemblance to Pennsylvanian than to 
Mississippian types hitherto known, Elias 
believes it to be of late Mississippian age. 

Fossil material heretofore described from 
Springer rocks has been pitifully meager. In 
the early work by Goldston (1922) and by 
Girty & Roundy (1923), unidentified coiled 
cephalopods from a single locality north of 
Berwyn (Gene Autry) constituted the only 
collections surely obtained from Springer 
strata. Harlton described three species of 
foraminifers (1927, 1928) and a single ostra- 
code (1927). Bradfield (1935) added another 
foraminifer. Waters (1925) listed from the 
Berwyn area and one other Springer locality 
a total of nine forms: two brachiopods, a 
bryozoan, five cephalopods, and a plant 
Cordaites. Tomlinson (1929) reported Cala- 
mites from two of the Springer sandstones 
on the Caddo anticline, north of Ardmore. 
The lists of these seven authors totaled no 
more than fifteen forms; all probably came 
from higher strata than the Redoak Hollow 


member of the Goddard, the source of the 
fauna now described by Elias. 

Over the past ten years Elias has obtained 
fossil material from eight or more zones 
scattered through the section of rocks which 
has borne the name Springer (formation, 
group, or series). These are listed by him in 
a recent paper (Elias, 1956). 

Several years ago a field party led by Dr. 
Chas. E. Decker discovered a varied fossil 
fauna in a “‘Springer’’ sandstone in Section 
19, T. 2 S., R. 1 W., two miles north of the 
village of Milo, Carter County, Oklahoma, 
in the northwestern part of the Ardmore 
basin; but it has not previously been de- 
scribed. In this fauna, from collections by 
Tomlinson, Elias now reports the following 
forms: 


Brachiopods 
Bryozoans 


33 species 

41 species 

37 species” 

21 species’ 

23 species] 

32 species] 
120 genera, 187 species; 
(including 6 new genera and subgenera, 84 
new species, and 12 new varieties) 


The material studied by Elias came from 
four localities, as follows: 


1. Redoak Hollow sandstone, NE-SW-SW- 
SW Sec. 19, T. 2 S., R. 1 W. Two miles north 
and § mile west from the village of Milo, Car- 
ter County, Oklahoma. On bare saddle of NW- 
trending ridge, just southeast of its wood 
crest. Float only. 

2. Redoak Hollow sandstone, SE-NW-NE- 
SE Sec. 30, T. 2 S., R. 1 W. One mile SE of /. 
On bare nose of ridge, just north of woods. 
Both outcrop material and‘float. 
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3. Redoak Hollow sandstone, SE-NW-NE- 
NE Sec. 30, T. 2S., R. 1 W., 3 mile north of 2. 
Soft terruginous sandstone at head of ravine 
which drains east. Outcrop material only. 

4. Sandstone, probably Redoak Hollow but 
possibly slightly lower. Near SE corner SW- 
NW-SW Sec. 19, T. 2 S., R. 1 W. 3 mile north 
of J. In and west of pasture road, just north 
of creek crossing. Outcrop material only. 


At locality 1, and also at 2, the fossils are 
found on an open, grassy section of a ridge, 
whose higher crest nearby along the strike 
is heavily wooded. Massive unfossiliferous 
sandstone up to 25 feet in exposed thickness 
outcrops in the oak woods. The disappear- 
ance of the oaks, the dwindling of outcrops 
to ledges a foot or two thick, and the lower 
elevation of the ridge crest, all suggest that 
the local abundance of fossils may be en- 
vironmentally related to reduction in vol- 
ume of sand where the fauna flourished. 

No patches of equally abundant fossil re- 
mains in the Springer are yet known outside 
of this two-square-mile area, except for the 
Target limestone discovered by Bennison 
(1954) much higher in the section. Their 
occurrence here in a single member is not 
surprising. Such an abundance of fossils 
repeated at successive times in different 
sandstone members within.the same small 
area, and there only, would be difficult to 
explain. Exposures are not sufficiently con- 
tinuous to make it certain that all four lo- 
calities are in the same member. It is likely 
that they are; though, if so, the member is 
probably displaced locally by transverse 
faulting, such as is visible in the Mississip- 
pian and older limestones of the Arbuckle 
Mountains, near by. 

All four collections are certainly from 
sandstones older than the Rod Club sand- 
stone, and therefore within the Goddard 
shale: probably in the lower half of it. This 
statement is based on the proximity of the 
fossil localities to outcrops of the Missis- 
sippian Caney shale and Sycamore lime- 
stone. Unfortunately only a few feet of 
strata conformably overlying the Redoak 
Hollow are exposed in the immediate vi- 
cinity of the fossil sites. The entire pre- 
Pontotoc Pennsylvanian section is covered 
unconformably by younger (Pontotoc) 
strata of early Permian or latest Pennsyl- 
vanian age. 

The general structure of the Springer 
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sandstones in the neighborhood of these 
four fossil localities is that of a steep anti- 
clinal nose plunging southeastward; dips 
average 50°. The east flank of this fold drops 
into a narrow syncline, also plunging south- 
east, which lies between the anticline and 
the mountain front to the northeast. Most 
of the sandstone outcrops are distributed 
around a sharp S-curve which outlines the 
southeast plunge of the anticline and the 
complementary northwest end of the adja- 
cent syncline. 
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The author, alone, is responsible for all final 
identifications and descriptions. 

The described fossil forms have been ob- 
tained chiefly from specimens collected by 
Dr. C. W. Tomlinson. Additional materia] 
was also subsequently collected by Dr, 
Tomlinson, Dr. Maynard White, and the 
author in the fall of 1946 and again in 1955, 
Some of this additional material represents 
new or more nearly complete specimens 
than those originally recovered. All identi- 
fied forms based on these collections consti- 
tute the list of invertebrates from the Red- 
oak Hollow. They are described in the syste- 
matic part of this report and subsequent 
portions. 


INTRODUCTION 


The Redoak Hollow fauna is an assem- 
blage of marine invertebrates comparable 
in richness and diversity with the best- 
known late Paleozoic invertebrate faunas of 
the southern Midcontinent. An apparent 
link is provided between marine life of the 
late Mississippian and early Pennsylvanian 
seas in this region. 

The Springer, where the Redoak Hollow 
was originally thought to belong, has been 
customarily classified with the Lower Penn- 
sylvanian. At first it was expected that 
comparison with previously described Penn- 
sylvanian forms would be sufficient to 
identify the fossils. As the study progressed, 
it became evident that this comparison was 
not sufficient; many forms in the Redoak 
Hollow show stronger affinities with Mis- 
sissippian rather than Pennsylvanian forms. 
A critical analysis of the changes in the 
marine invertebrates that occurred at the 
end of Mississippian and at the beginning 
of Pennsylvanian times was involved. Where 
both Mississippian and Pennsylvanian sedi- 
ments occur in other regions of America 
they are usually divided by pronounced 
erosional unconformities. Consequently, the 
fossils collected from these localities contain 
comparatively few forms that are common 
to both systems. Because this situation pre- 
vails in most areas where the sediments of 
these two periods outcrop, many geologists 
take it for granted that the change of fauna 
at the junction of these periods is invariably 
pronounced. It was generally believed that 
genus Archimedes ended abruptly at the 
close of Mississippian time, and that many 
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other common Mississippian genera, such as 
Diaphragmus, Productella, Orthotetes, etc. 
disappeared completely. Likewise, it was 
also generally assumed that the beginning 
of Pennsylvanian time was coincidental with 
the first appearance of such brachiopod 
genera as Meekella, Derbya, Squamularia, 
and others. However, more critical paleon- 
tologists have never been content with the 
idea of a supposed abrupt faunal change at 
this time, as many facts pointed to the sur- 
vival into Pennsylvanian time of forms 
originally thought to be restricted to the 
Mississippian only. The genus Pentremites, 
so common locally in upper Mississippian 
formations, has also been found in abun- 
dance in Morrow beds (Mather, 1915). This 
relationship is also true in regard to bryo- 
zoan genera, such as Prismopora, and others. 
Even the concept of an abrupt disappear- 
ance of Archimedes at the end of Mississip- 
pian time has been disproved by the fairly 
abundant occurrence of this genus in sedi- 
ments of Desmoinesian age in central Utah. 

The Redoak Hollow also contains numer- 
ous species whose Pennsylvanian affinities 
tend to indicate its placement in the Penn- 
sylvanian system. A somewhat similar 
combination of Mississippian and Pennsy]l- 
vanian faunas is known from the upper 
Morrow fauna of Arkansas and Oklahoma, 
and it was regarded “transitional between 
the faunas which have been considered typi- 
cal of the later Mississippian and of the 
earlier Pennsylvanian times” (Mather, 1915, 
p. 67), At the end of Mather’s comprehensive 
analysis of the fauna, he lists within it 20 
species which he considers a ‘‘Residual Mis- 
sissippian element,’’ as compared with 49 
(or about two and a half as many species) 
which he regards as a “‘Proemial Pennsyl- 
vanian element.” 

It was more recently suggested that a 
number of genera of ‘decided Pennsylva- 
nian aspect”’ occur in the Pitkin limestone of 
Arkansas (Easton, 1943, p. 126-127). While 
it was concluded that the Pitkin is of latest 
Chester age, its upper part was thought to 
be of even later age than the Kinkaid of 
Illinois, though still within the Mississip- 
pian. Thus the Pitkin fauna may be con- 
sidered to bridge the gap between known 
late Mississippian and earliest Pennsyl- 
vanian (Morrow) marine faunas. 

As the concept of supposed abrupt change 


from the Mississippian to Pennsylvanian 
marine faunas is weakened by the discover- 
ies of more and more ‘‘mixed”’ border faunas, 
the problem of establishing reliable paleon- 
tological criteria for assignment to one or 
the other becomes increasingly difficult. 
Thus, the present study of the Redoak 
Hollow fauna involved a critical comparison 
with Mississippian as well as Pennsylvanian 
fossils known from America and from the 
principal localities of Western Europe. As 
work progressed it was noted that some 
major taxonomic groups represented in the 
fauna show a greater affinity to the corre- 
sponding groups in the Mississippian, while 
others are closer to those in the Pennsyl- 
vanian. In the first category belong the 
bryozoans, brachiopods and gastropods; and 
in the second, the pelecypods. It therefore 
seemed advantageous to scrutinize affinities 
of each group of invertebrates separately, 
and then to try and explain why the pre- 
dominant affinities of one group are different 
from those of another. Furthermore, it has 
been observed that occasionally some groups 
show greater affinities with their foreign 
rather than American representatives. Such 
was the conclusion in regard to the corals of 
the Pitkin limestone of Arkansas by Easton 
(1943, p. 128-141). He believed that these 
corals show affinities with the Lower Car- 
boniferous corals of the British Isles and 
Western Europe, and that the coral fauna 
as a whole is unlike the nearby ones in the 
Chester and earlier Mississippian of Illinois 
and adjacent regions. A number of pelecy- 
pods (and some gastropods) in the Redoak 
Hollow fauna show strong affinity and even 
Specific identity with some forms low in the 
Upper Carboniferous of Scotland. 


PRESERVATION 


Only a few of the invertebrates in the 
collections from the Redoak Hollow have 
original shell material preserved; for ex- 
ample: the single chitinous valve of Lingula, 
some calcareous valves of the brachiopods 
and pelecypods, and a few isolated crinoid 
columnals. When preserved in this fashion 
the specimens usually do not have their sur- 
faces well exposed and the matrix adheres 
to them tightly. Thus, the specimens which 
have their shells preserved, are, in spite of 
this advantage, only occasionally useful for 
a detailed morphological study. 
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The greatest part of the fossil material in 
the Redoak Hollow is in the form of external 
and internal molds. When the matrix of 
such molds is limonitic, it reflects the finest 
details of the shells whose calcareous sub- 
stance is completely removed. Less well pre- 
served are the molds in the fine- to medium- 
grained sandstone, but these are also occa- 
sionally useful, and a few species are here 
described from such molds only. Because 
most invertebrate fossils have been previ- 
ously described and illustrated from their 
exterior, and not from molds, the compari- 
son and identifications of the present molds 
is difficult. Casts from these molds can be 
prepared, but in the process the fine fragile 
structural details in the natural molds are 
damaged. This statement particularly con- 
cerns some brachiopods and _ pelecypods 
whose calcareous shells are penetrated by 
various delicate borings preserved as fine- 
textured limonite molds. 


COMPARISON WITH RELATED FAUNAS 
OF AMERICA 


As shown on Table 1, the bulk of the 
fauna is about equally divided between 
“molluscoids’’ and mollusks. Bryozoa are 
represented by a larger number of species 
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than any other group, but the Brachiopoda 
belong to a larger number of genera than 
the Bryozoa, and the Pelecypoda are repre- 
sented by a larger number of genera than 
any other group. The total number of identj- 
fied genera, species, and varieties of the in- 
vertebrates from the Redoak Hollow is com- 
parable in magnitude with the number of the 
same taxonomic units described or reported 
from the major stratigraphic divisions above 
and below it. 

Only records published after 1910 of 
better-known pre-Redoak Hollow faunas 
from the southern Midcontinent are con- 
sidered. Faunas from the Moorefield shale 
and the overlying Batesville sandstone of 
northern Arkansas were described by Girty 
(1911, 1915). Girty correlated these forma- 
tions with the St. Genevieve limestone of 
southern Illinois and adjacent territory, 
while Easton (1942, p. 77) correlated them 
with the St. Louis, St. Genevieve and lower 
Chester. Combining the lists of fossils iden- 
tified by Girty from the two above men- 
tioned formations accounts for the 89 genera 
and 178 species or varieties entered in Table 
1. The marine invertebrate fauna of the 
Pitkin limestone of Arkansas was more 
recently recorded by Easton (1942, 1943), 


TABLE 1.—NUMBER OF THE KNOWN GENERA AND SPECIES OF THE INVERTEBRATES IN PRE-REDOAK 
REDoAK HOLLow, AND Post-REDOAK HOLLOW SERIES OF THE SOUTHERN MID CONTINENT 


Upper 
Morrow of 
|v 
Paradise of | & Batesville | Pitkin ls. of — Hollow at Peres 4 ; — 
Arizona of Arkansas Arkansas Pitkin of Ardmore of 1932 ¥ and 
Invertebrate (Hernon, (Girty, (Easton, Oklahoma | Oklahoma Hatton Oklahoma 
1915) 1915) 1956) Waters, 1915) 
1927, 
Bradfield, 
1935) 
Gen. | Spec. | Gen. | Spec. | Gen. | Spec. | Gen. | Spec. | Gen. | Spec. | Gen. | Spec. | Gen. | Spec 
Foraminifera * 2 2* 1 1* * 4 4 7 11 ~ 
Porifera * 1 1* * * 2 4 * : 
Anthozoa 1 1* 2 2* 8 11 3 3 none 5 5 9 11 
Blastoidea 1 1 1 3 1 1 none 1 2 
Crinoidea 1 1* 1 1* | 15 23 1* 6 6* 3 3* 5 * 
Echinoidea * * 1 1 * 1 1 i 1 1 
Annelida * 1 1 1 1 * 2 2 * . 
Bryozoa 13 37 11 18 15 30 7 19 19 42 8 14 37 
Brachiopoda 20 54 23 52 27 48 29 56 22 36 11 29 19 48 
Pelecypoda 15 32 20 54 17 35 17 36 26 37 15 28 15 29 
Gastropoda 9 12 13 20 24 30 19 15 16 21 14 22 12 14 
phopoda 1 1 1 1 1 1 - 2 2 . 
Cephalopoda 3 3 8 18 6 9 4 5 7 8 4 4 2 4 
Trilobita 1 1* 1 1*| 3 4 1 2* 1 1* 1 1* 1 2* 
Conchostraca 6* * * * 2 3 * 7 
Ostracoda 1 1* 5 7* 3 3* * 17 25 20 49 
Total 66 150 89 178 123 200 76 138 127 192 88 160 79 155 


* Data incomplete. 


this unit contains the largest number of 
genera (123) and species (200) in the known 
late Mississippian faunas of the southern 
Midcontinent. Unfortunately, only 30 Pit- 
kin forms, all as new species, were completely 
described by Easton (1943), and six species 
of crinoids from this limestone were de- 
scribed by Laudon (1941). Of the remaining 
167 forms, 96 forms were illustrated but not 
described by Easton, for the most part by 
single natural-size half-tone illustrations. 
Condra & Elias (1944-A) described five 
species of Pitkin Archimedes, four as new. 

The two late Mississippian faunas de- 
scribed by Girty and by Easton come from 
the outcrops in northern and western Ar- 
kansas, about 200 to 300 miles northeast of 
the location of the Redoak Hollow fauna. 
Directly to the north and northeast of the 
Redoak Hollow location the faunas from the 
Mayes, Fayetteville, and Pitkin limestone of 
Oklahoma described by Snider (1915) were 
secured, The number of forms in the com- 
bined lists from these three formations is 
listed, 76 genera and 138 species, thirty as 
new. Of these, 57 species were briefly de- 
scribed but inadequately illustrated. 

A fourth fauna of late Mississippian age 
is known from the Paradise formation of 
Arizona, some 700 miles west-southwest 
of Ardmore. In all, 66 genera and 150 spe- 
cies were recorded by Hernon (1935). Of 
these, only 40 species and varieties are de- 
scribed and satisfactorily illustrated, 13 as 
new. 

The Morrow fauna, stratigraphically 
directly above the Springer series, is known 
largely from the two principal areas of out- 
crop: at Ardmore in Oklahoma, and in west- 
ern Arkansas plus the adjacent part of east- 
ern Oklahoma. The fauna from the vicinity 
of Ardmore is known from the lists of fossils 
identified by Girty & Roundy (1923). A 
somewhat larger number of foraminifera and 
ostracoda were subsequently described from 
the same area of outcrops by Harlton (1927) 
and Waters (1927). A more nearly complete 
collection of ostracodes from the same area 
was described and well illustrated by Brad- 
field (1935). The combined number of the 
identifications of this fauna referable to the 
lower Dornick Hills series, upper Morrow, 
comprises 88 genera and 160 species. 

A second fauna of Morrow age from the 
Hale formation, Brentwood limestone, and 
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Kessler limestone of western Arkansas and 
northeastern Oklahoma was described and 
illustrated by Mather (1915). Although the 
half-tone illustrations of these forms are 
inadequate in some cases, good descriptions 
and dimensions give an understanding of 
most of the species. Some of the pelecypods 
were subsequently revised and redescribed 
by Newell, and Mather’s types of fenestrate 
Bryozoa have been forwarded to the Ne- 
braska Geological Survey and restudied by 
me. Mather’s monograph on the upper 
Morrow fauna is still the only adequate 
publication dealing with all groups of its 
megascopic invertebrates. The total number 
of the forms described is 155 species in 79 
genera. 

The faunas listed on Table 1 are generally 
comparable to each other in number of 
genera and species. This generalization 
applies particularly to the largest groups of 
invertebrates represented: Bryozoa, Brachi- 
opoda, Pelecypoda, and Gastropoda. How- 
ever, there are also some notable differences 
in the proportions of genera and species in 
various groups of each fauna. Some of these 
differences are probably the result of indi- 
vidual attitudes in taxonomy by the paleon- 
tologists who studied them; other differences 
may be of real significance. Thus, a propor- 
tionately small number of Bryozoa in the 
lists of identified fossils by Girty, in both 
the pre-Pitkin Mississippian fauna of Ar- 
kansas and the upper Morrow fauna at 
Ardmore, results from an inadequate treat- 
ment of the fenestrate Cryptostomata in his 
collections; his treatment of other Bryozoa 
is ample or quite profound. A similar expla- 
nation applies to the scarctiy of identified 
bryozoa in the lists published by Snider; he 
remarks that his lists of Bryozoa are ‘“‘not 
complete’ (1915, p. 32,37), or that the 
Bryozoa in some of the collections were ‘‘not 
studied”’ (p. 41). 

Differences in taxonomic attitude of the 
paleontologists who studied these faunas 
are responsible for the diverse proportion 
of the identified genera to the identified 
species. In all early identification-lists there 
are an average of two species for each genus; 
in the two later lists, one by Easton for the 
Pitkin limestone and that made here for the 
Redoak Hollow, the proportion of genera to 
species is circa 2:3. This relationship reflects 
the modern trend of splitting comprehensive 
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genera into subgenera or restricted genera; 
particularly for corals, brachiopods, pelecy- 
pods and gastropods. Such is not the case in 
the fenestrate bryozoa, for such genera as 
Fenestella, Archimedes, and Polypora remain 
as comprehensive as at the time when Ulrich 
published his famous monograph (1890); 
the number of species in these and related 
bryozoan genera has steadily increased. 
Taking these considerations into account, 
it is possible to evaluate the significant simi- 
larities and differences in the faunas com- 
pared. It appears that the number of genera 
and species of Bryozoa is about the same 
throughout late Mississippian and early 
Pennsylvanian times , and so is the propor- 
tion of genera to species (circa 1:2 to 1:3). 
The number of brachiopods in Pitkin time 
was also about the same, but Redoak Hol- 
low time was marked by a considerable re- 
duction in number of both genera and spe- 
cies. The reduced number apparently con- 
tinued into medial Morrow (early Dornick 
Hills) time of the Ardmore basin; elsewhere, 
in eastern Oklahoma and western Arkansas, 
the number of species of brachiopods at this 
time again became as large as in most 
Mississippian faunas. The number of genera 
and species of pelecypods was constant 
throughout late Mississippian and early 
Pennsylvanian time, perhaps with only 
slight reduction of the number of species in 
Redoak Hollow and later times. An un- 
usually large number of species of pelecypods 
is noticeable in the pre-Pitkin Mississippian 
of Arkansas, perhaps a provincial charac- 
teristic of this fauna. The number of genera 
and species of gastropods in various faunas 
is somewhat more variable than that of the 
other invertebrates discussed; this fact may 
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reflect inadequacy of collecting, prepara- 
tory work, and interest rather than true 
variability in distribution. The number of 
known cephalopods in the discussed faunas 
is even more variable; discovery of cephalo- 
pods, particularly in ammonites which are 
subjected to a fairly intensive search de- 
pends largely on chance; their occurrences 
are usually rare and narrowly localized. 
Great differences in the number of the identi- 
fied ostracodes in the discussed faunas seems 
largely due to variability in skill and deter- 
mination of the collectors. 

Among other groups of organisms, the ab- 
sence in the Redoak Hollow of corals and 
blastoids may be significant. This lack is 
certainly not because of insufficient search; 
not a single fragment of these fossils has 
ever been observed although much material 
has been broken and examined. Similarly, 
not a single Pentremites has been recorded 
by Girty in the pre-Pitkin upper Missisip- 
pian of Arkansas or in the medial Morrow 
of the Ardmore basin. The complete absence 
of corals in this fauna seems rather an exclu- 
sive negative characteristic; other fossils 
customarily associated are fairly common: 
crinoids, bryozoans, and larger brachiopods. 
Perhaps the marked decrease in the number 
of genera and species of brachiopods in the 
Redoak Hollow can be correlated with the 
disappearance of corals. The phenomenon 
could have been due to a local moderate 
shallowing of the sea or to muddying of its 
waters, or both. 


TAXONOMIC CONSIDERATIONS 


Some paleontologists believe that identi- 
fication of fossil genera and species is highly 
subjective, and that opinions in fossil 


EXPLANATION OF PLATE 39 


Fic. 1—Ammovertella? sp., X25. 


2—Textularia cf. grahamensis Cushman & Waters, X25. 

3-10—Cliona paleodendrica, n. sp. 3-6, Natural cast of excavations in shell of Chonetes, n. sp. 3, 
X10; 4, X2; 5,6, X10. 7, Natural casts of excavations in shells of Chonetes, n. sp., and ex- 
ternal mold of encrusting Ptychocladia bassleri, n. var., X20. 8,9, Holotype. Natural casts of 
excavations in dorsal valve of Buxtonia semicircularis (Sutton & Wagner); 8, X2; 9, X10. 
10—Natural casts of excavations in shell of Orthotetes (Derbyia); also natural casts of Con- 
dranema sp. (to the right) and of enigmatic transverse holes; X10. 

11-13—Chiona stellata, n. sp. 11,12, Natural casts of excavations in shell of Spirifer, n. sp., X10 
and X20. 13, Holotype. Natural casts of excavations in unknown shell, X10. 

14—Living Cliona corallinoides Hancock in Pecten maximus shell. After Hancock. 
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taxonomy are now, and always will remain, 
divergent and irreconcilable. There is some 
truth in this claim, but an extreme indi- 
vidualistic attitude among paleontologists 
js an exception rather than rule, and reason- 
able uniformity in taxonomy has gradually 
been achieved in modern paleontology. If 
this were not the case, it would hardly be 
possible to keep paleontologic taxonomy on 
a reasonable scientific and serviceable level. 
In addition, some paleontologists maintain 
that identification of new material with 
previously described species can be as- 
suredly established only by comparison with 
original types, and not merely with their 
published illustrations and descriptions. 
Again, there is an element of truth in such 
statements, but only in exceptionally diffi- 
cult cases of identification; paleontological 
practice shows that identifications are being 
made satisfactorily by comparison with 
illustrations and descriptions. When an 
attempt is made to compare as large and 
divergent a fauna as that from the Redoak 
Hollow with previously-known similar fau- 
nas it is important to investigate whether 
these records are sufficiently complete and 
accurate to meet present-day standards. It 
was found that the taxonomy of the smallest 
units (species and varieties) of these forms 
is reasonably well stabilized. In most of the 
few cases of erroneous or doubtful identifica- 
tions these have been corrected or improved 
upon in subsequent analytical investigations 
and revisions by specialists in the respective 
invertebrates. Some ranking specialists have 
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also gradually revised generic status of these 
fossils, and it is in the renaming of genera 
where the greatest changes have occurred. 
Bryozoa remain an exception in the nearly 
universal trend toward splitting of old 
genera, particularly the fenestrate Crypto- 
stomata. Here, the comprehensive genera 
Fenestella, Polypora, and Septopora remain 
in their old status, but an attempt is now 
being made to split them into subgenera 
and groups on the basis of spacing of dis- 
sepiments and of structure of carina (in 
Fenestella), and also on various zoarial 
features. It seems advisable, at least for the 
present, not to elevate these subgeneric and 
section subdivisions (Elias & Condra, 1957) 
to generic rank because it would add further 
difficulty in taxonomic handling of these 
common bryozoa. Past experience shows 
that most paleontologists have been reluc- 
tant to identify species and usually identified 
only genera when handling fenestrate Cryp- 
tostomata (now Fenestrata). There has 
been a recent tendency to differentiate the 
massive, crustose and ramose Trepostomata 
into a number of genera on the evidence of 
various internal details. However, an effort 
to reduce the seemingly large number of 
genera in this group has also been made. 
Subgenera in relation to generaa—Many 
paleontologists do not use the taxonomic 
category of subgenera, for soon after intro- 
duction, a subgenus is usually elevated to 
full generic rank. With the gradual advance 
of our knowledge of the evolution of various 
fossil organisms there arises a new need for 


EXPLANATION OF PLATE 40 
Fic. 1—Cliona paleodendrica, natural casts of its poorly developed (immature?) excavations in the 


shell of Spirifer casteri, n. sp.; X10. 


2—Cliona fenestralis, n. sp., holotype. Natural cast of its excavation in a fragment of shell of a 


productid; X20. 


3—Clionolithes cf. C. radicans Clark. Natural cast of its excavations in the shell of Spirifer casteri, 


n. sp.; X10. 


4—Spirorbis elegans, n. a7 Externa! mold of upper side, X10. 


5,6—Cornulites inelegans 


yde. External and internal molds of same individual, with longitudinal 


flat scar of attachment well developed upon the internal mold, X10. 
7,8—Bascomella cf. B. gigantea Morningstar, molds in Spirifer, n. sp., X20 and X10. 


9—Condranema cf. 


C. magna Condra & Elias, molds in Acanthopecten, n. sp., X10. 


10,11—Seminolithes clarkez, n. sp., molds in Buxtonia semicircularis, 10; and in an Orthotetes? 11, 


x10 


12—Pathologically swollen columnal of unknown crinoid, X 2. 
13—Vinella bilineata, n. sp., molds in unknown pelecypod, X10. 
14—Tabulipora cf. tuberculata Prout, encrusting crinoidal columnals, X10. 
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the use of some well established generic 
names in a subgeneric sense. A few species 
among bryozoans and brachiopods, for ex- 
ample, combine the features of two (or 
more) genera of certain lineage; a phenome- 
non which indicates that the later genus 
passed through an evolutionary stage of 
inception. The existence of such a condition 
in the phyletic history of at least some 
genera has already been recognized by some 
of the most experienced paleontologists. 
Girty finds considerable variation in the 
hinge apparatus of Orthotetes from the Bates- 
ville sandstone of Arkansas; some individ- 
uals approach the hinge typical of Orthotetes, 
and others the hinge of Derbyia. Orthotetes is 
an older (Mississippian) genus, from which 
the genus Derbyia evolved. Species from the 
earlier Mississippian horizons have been 
placed in Orthotetes unhesitatingly; all spe- 
cies of the Orthotetes-Derbyia group are usu- 
ally placed in Derbyia when collected from 
the Lower Pennsylvanian. It is suggested 
that the species in the transitional stage of 
evolution from Orthotetes to Derbyia be 
classified under combined names: Orthotetes 
for generic designation and Derbyia for sub- 
generic rank. 


ECOLOGICAL CONSIDERATIONS 


The character of preservation and posi- 
tion of the remains of the Redoak Hollow 
fauna provide no information that would 
definitely indicate burial in the original 
habitat. With the exception of very few 
specimens of pelecypods (Nucula subventri- 
cosa, Nuculana inflata) and one small 
brachiopod (Composita rotunda), all other 
bivalves and brachiopods are almost in- 
variably represented only by separated 
valves. Some of the most fragile shells, such 
as Lingula, Solen, and Sangutnolites, have 
valves disconnected but unfractured. Fairly 
large fragments of the zoaria of species of 
fragile Fenestella are found up to 2 inches 
long and wide. These facts indicate that 
even if they were not buried in the original 
habitat, the remains of the invertebrates in 
the Redoak Hollow have not been trans- 
ported far from where they lived. They had 
lived in waters where the mechanical effect 
of larger storm waves would account for 
their being disjointed and partially broken 
before final burial in the sands. 

The whole assemblage of crinoids, bryo- 
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zoans, calcareous brachiopods, and mollusks 
is strongly suggestive of the mixed type of 
marine fauna that is believed to be typically 
developed at a depth of about 90 to 120 feet 
in the Pennsylvanian and early Permian 
seas of the Midcontinent (Elias, 1937), Evi- 
dence that part of the bottom where this 
fauna lived was even shallower is furnished 
by the finding of a single specimen of a large 
and nearly unbroken valve of a thin 
Lingula at Locality 1. Further evidence for 
a shallow part of the sub-littoral bottom of 
the local sea is found in the abundance of 
borings of Cliona and Clionolites in a num- 
ber of brachiopod and pelecypod shells; it is 
known that the living boring sponge Cliona 
infests oysters and other pelecypods and 
gastropods at depths seldom exceeding 100 
feet. It seems reasonable to conclude that 
the described fauna in the Redoak Hollow 
probably lived at a range of depth not 
shallower than about 50 or 60 feet and not 
deeper than 120-140 feet. This depth is 
somewhat less than that indicated by the 
facies in the faunas of the Pennsylvanian 
and early Permian seas of the Midconti- 
nent. 


SYSTEMATIC DESCRIPTIONS 
FORAMINIFERA 


The manner of preservation of the fossils 
in the Redoak Hollow is not very favorable 
for detection of the small Foraminifera; only 
few of them have been observed in the 
course of the present study. Because they 
have been found only as incomplete molds, 
they cannot be assuredly classified and 
described in the customary manner. Thus, 
they are mentioned here merely for com- 
pleteness of the paleontological record, as 
none is of diagnostic value. 

Even though the preservation of Fo- 
raminifera of the fauna is not favorable, it 
seems that their general scarcity in the Red- 
oak Hollow is worthy of notice. The known 
free Foraminifera of late Mississippian and 
early Pennsylvanian ages include forms 
which are not much smaller than the small- 
est ostracodes which have been found in 
large numbers in the Redoak Hollow. 

The larger invertebrates are generally 
quite free from adnate Foraminifera. Only 
two individuals of the latter have been de- 
tected; larger shells are not infrequently 
overgrown by encrusting bryozoans. 


AMMOVERTELLA? sp. 
Pl. 39, fig. 1 


Single small and apparently immature in- 
dividual, provisionally referred to Ammo- 
yertella, makes only two volutions around its 
proloculus. There is some tendency toward 
triangularity in the outer volution. Form 
adnate on inner side of dorsal valve of 
Diaphragmus fasciculatus var. girtyt, n. var. 


TETRATAXIS cf. T. DECURRENS Brady 


Very small and fragile mold of Tetrataxis 
comparable to 7. decurrens in size, angu- 
larity of conical conch, and number of its 
volutions. 


PTYCHOCLADIA BASSLERI Elias var, 
OKLAHOMENSIS, n. var. 
Pl. 39, fig. 4a 
Ptychocladia bassleri Evtas, 1950, Jour. Paleont. 

vol. 24, p. 296; pl. 45, fig. 11,12. 

Mold referred to this species was previ- 
ously classified as a ctenostomatous bryo- 
zoan (Ulrich & Bassler, 1904, p. 289-290, 
pl. 63, fig. 10,13), is found attached to 
outer surface of fragment of Chonetes kingt, 
n. sp., and in association, with Cliona 
paleodendrica, n. sp., which penetrates 
shell. New encrusting form is discoid, 
being thus differentiated from genotype 
P. agellus and its varieties, whose growth 
form is more or less ramose. Dimensions 
of specimen and spacing of the concen- 
trically arranged narrow embracing cham- 
bers approach those in the much better 
preserved P. basslert from the Kanwaka 
shale, Shawnee group, Virgil series of the 
Pennsylvanian at Nehawka, Nebraska. 
Height of concentric volutions in new var. 
oklahomensis is slightly lower, averaging 
abt. 05 mm. or 20 per 1 mm., none being 
higher than .06 mm. In P. bassleri from the 
Shawnee of Nebraska there are about 16 to 
18 chambers per mm. along the radius, 
their height averaging .06 mm., and maxi- 
mum approaching .1 mm. high. 


TEXTULARIA cf. T. GRAHAMENSIS 
Cushman & Waters 
Pl. 39, fig. 2 


Textularia grahamensis, CUSHMAN & WATERS, 
1927, Contrib. Cushman Lab. Foram. Res., vol. 
3, p. 151, pl. 27, fig. 3a,3b; —— & ——,, 1930, 
hee Univ. Bull. No. 3019, p. 54, pl. 12, fig. 

a,1b. 
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Palaeotextularia grahamensis, GALLOWAY & Ry- 
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NIKER, 1930, Okla. Geol. Survey, Circular 21, 
p. 21, pl. 4, fig. 13,14. 


Single mold comparable to immature 
Textularia of the kind common to the 
Pennsylvanian of Texas and Oklahoma is a 
slowly expanding conical form, abt. 3 mm. 
long and .2 mm. across at the wider end, 
and consisting of five successive chambers. 
Specimen from the Redoak Hollow is near- 
est to the initial part of the conch illustrated 
by Cushman & Waters from the Gunsight 
limestone of Texas (1930), though it is 
nearer in age to the material from the Atoka 
of Oklahoma described by Galloway & 
Ryniker. Shell is thick, and chambers about 
twice as wide as high, as indicated for the 
initial chambers of the species described by 
Cushman & Waters. 


PORIFERA 
Genus CLiona Grant, 1826 


The name of the living boring sponge 
Cliona and of its junior synonym Vioa have 
been occasionally applied to certain organic 
excavations in fossil shells, including some 
from the Paleozoic. With the development 
of a more critical morphologic attitude to- 
ward excavations, and since the publication 
of J. M. Clarke’s inspiring studies on ‘‘The 
beginnings of dependent life’’ (1908), most 
fossil excavations have been classified in his 
fossil genus Clionolithes, with an understand- 
ing that they belong to a boring sponge 
broadly related to Cliona. However, the 
boring sponge is far from being the only 
organism that penetrates the shell of vari- 
ous marine invertebrates, and the problem 
of differentiation between the tunnels pro- 
duced by boring sponges, boring worms, 
penetrating ctenostomatous bryozoans, and 
penetrating algae and fungi is complex. 
Because students of living boring sponges 
expressed widely divergent opinions on their 
nature, metabolism, morphology, and tax- 
onomy, the comparative study of fossil 
borings progressed slowly and undoubt- 
edly retarded analysis of morphological and 
anatomical criteria upon which fossil bor- 
ings could be reasonably assigned. The ex- 
tensive accounts of living boring sponges, 
such as those by Hancock (1867) and Top- 
sent (1887), have been generally substanti- 
ated by Gray, Carter, and others. Their 
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work may be put to use by paleontologists in 
the understanding and classification of fossil 
excavations in marine invertebrate shells. 

Hancock states (1849, p. 321) that 
“‘Cliona existed during several geological 
periods,...it occurs in the crag, in the 
London clay, in the Paris Basin, in the 
chalk, in the greensand, and in the oolite.”’ 
In present stratigraphic language, these 
occurrences give the range of Cliona through- 
out the Quaternary, Tertiary, Cretaceous, 
and Jurassic ages. However, Hancock did 
not actually describe or illustrate any of the 
fossil borings which he ascribed to Cliona, 
but limited himself to descriptions of living 
species only. He described, in all, 24 species 
of Cliona and 2 of Thoosa, a closely related 
genus. Subsequently, M’Coy (1854, p. 260) 
described some excavations in Paleozoic 
shells (upper Silurian of the British Isles) 
under the name Vioa prisca. In America, 
similar and other borings in Paleozoic shells 
were described by Clarke (1908, p. 168-169, 
also 1921, p. 87-88) under a new name 
Clionolithes; M’Coy’s form was at first 
included in this genus, but later it was 
assigned to excavations made by worms 
(Clarke, 1921, p. 91). The contributions by 
Clarke, the subsequent work by Fenton & 
Fenton (1932), but mainly, the exhaustive 
monograph by Hancock (1849) provide 
sufficient biologic bases on which borings of 
Cliona and Clionolithes can be differentiated 
morphologically. Other authors have de- 
scribed and illustrated excavations of ex- 
tant Cliona and of fossil Clionolithes, but 
Hancock’s investigation of the borings is 
more extensive and critical than any other 
published to date. No other author as- 
sembled as many examples of Paleozoic 
borings as Clarke. 

Prior to Hancock’s work only two species 
of living Cliona were known. He described 24 
species of the genus. On the evidence of this 
material he defines the excavations of the 
genus thus: ‘“‘branched; or are composed of 
lobes united by delicate stems; and all more 
or less anastomose. .. . They all bury them- 
selves in shells or other calcareous bodies, 
and communicate with the water by papil- 
lae or oscula protruding through circular 
holes in the surface of the containing sub- 
stance or matrix” (Hancock, 1849, p. 324). 
From this diagnosis and from the illustra- 
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tions of the described species, the genus 
comprises two kinds of excavations: one js 
merely branching and anastomosing, and the 
other is made of ‘lobes united by delicate 
stems,” and these are also anastomosing. 
There are also some species of intermediate 
character that link the two groups. Thus 
Hancock s concept of the genus Cliona in- 
cludes a great number of species whose types 
of borings vary considerably, but all are 
characterized by greater or less anastomosing 
of the branching excavations. In his genus 
Thoosa the excavations are also of the same 
type: “‘branched or lobed, . . . with anasto- 
mosing .. .”” (1849, p. 345), and this genus is 
differentiated from Cliona only by difference 
in the character of the spicules, their ab- 
sence in the interior of the branches, and by 
the coherence into a surficial crust of the 
“siliceous bodies’ at the surface of the 
branches. In Cliona these surficial bodies are 
only occasionally connected to form patches 
of “silicified epithelium’ (1849, p. 330). 
However, Carter (1879, p. 350) expressed 
doubt on the validity of the genus Thoosa, 
and believed that its supposed different 
spicules belong to Samus anonyma, a non- 
boring sponge which merely occupied the 
borings of Cliona. 

Clarke (1908, p. 168-169; 1921, p. 87-88 
briefly described and illustrated four species 
of his fossil genus Clionolithes: C. priscus 
M’Coy, C. radicans, C. reptans, and C. 
palmatus. These four species fall into two 
natural groups: one includes the excavations 
radiating from a common center, as in C. 
radicans and C. palmatus, and the other 
includes simpler, tube-like excavations 
which do not have a common center, as in 
C. reptans. Only the excavations of the first 
group are somewhat similar to the extant 
Cliona, as described by Hancock, the com- 
mon feature being the radiation of the exca- 
vations from a common center. However, 
these fossil species of Clionolithes differ from 
the species of Cliona by the absence of 
lobations and by the absence of anastomos- 
ing in their branches. The excavations of the 
second group of fossil Clionolithes are not 
only quite unlike any of the species of 
Cliona described by Hancock, but resemble 
the tube-like penetrations in the fossil shells 
which are frequently interpreted as the 
adnate of immerged stolons of ctenostoma- 


tous bryozoans, particularly Condranema 

=part of Heteronema, Ulrich & Bassler, 
1904, p. 278-279; Condra & Elias, 1944, p. 
542-545). Similar tubular borings have been 
observed in extant marine shells, and were 
ascribed to the boring sponge Cliona (Nasso- 
nov, 1883, pl. 18, fig. 6). These borings re- 
semble the fossil structures referred by 
Clarke to Clionolithes reptans, and their 
reference to Cliona is questionable; it has 
been pointed out that borings by organisms 
other than Cliona can be easily used and 
enlarged by the latter. If so, the presence 
of Cliona in some borings, not typical for 
the genus, can be thus explained. Also, fine 
tubular borings similar to those illustrated 
by Nassonov (1883, pl. 18, fig. 6), and which 
occasionally are connected with small 
elliptical to pear-shaped caves, are believed 
by Topsent (1887, pl. 4, fig. 1-th) to belong 
toa “thallophyte perforant,” 7.e., an alga or 
fungus. It seems safe to restrict reference to 
boring sponges only to those fossil excava- 
tions which have an undoubted morphologi- 
cal resemblance to the extant excavations 
which are typical for Cliona and Thoosa, as 
described in detail by Hancock. Further- 
more, thanks to the analysis of the genus 
Clionolithes by Fenton & Fenton (1932, p. 
42-43) it is now possible to restrict the genus 
and place in it only the radiating fossil 
borings that resemble undoubted species of 
extant Cliona. Acceptance of this procedure 
removes from fossil sponges the excavations 
of doubtful affinity illustrated by Clarke 
under the names Clionolithes priscus and C. 
reptans, as well as C. priscus M’Coy (M’Coy, 
1854, p. 260, pl. 13, fig. 1-1a) and also the 
following subsequently described fossil 
forms: C. hackberryensis Thomas (1911, p. 
165-166 and plate; Fenton & Fenton, 1924, 
p. 23, pl. 1, fig. 8; 1932, p. 44-45, pl. 6, fig. 
1-2,5-6); C. canna Price (1916, p. 688, pl. 
25, fig. 1): C. lizardensis Lees & Thomas 
(1918, p. 605-609, pl. 12, fig. 25,26), and C. 
irregularis and C. fossiger (Fenton & Fenton, 
1932, p. 45-47, pl. 7, fig. 4-7). 

Teichert concludes (1945, p. 202) that 
several names for the borings of this type 
“are now available” taxonomically: Cliono- 
lithes Clarke, 1908; Filuroda Solle, 1938 
(with Clionolithes reptans Clarke as geno- 
type); and Topsentia Clarke, 1921; and adds 
his own, Permian genus Conchotrema to them 
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ibid., p. 203-208). He does not formulate 
differences. 

The genus Clionoides Fenton & Fenton 
(1932, p. 47) is apparently a junior synonym 
of Vinella Ulrich (1890), no matter what 
interpretation of these tube-like inclusions 
in the shells be given. They differ from the 
known excavations of Cliona by the simple 
cylindrical shape of non-anastomosing 
branches, which are submerged close to the 
surface of the shells, and communicate with 
the exterior by circular perforations ar- 
ranged in regular rows. 

Among the molds of the excavations in 
the various shells from the Redoak Hollow 
there are not only the kinds that can be 
properly classified respectively in Cliono- 
lithes Clarke in restricted sense, as just dis- 
cussed, or in Condranema, but also the kind 
that is morphologically indistinguishable 
from the typical excavations of the extant 
Cliona except being smaller. An attempt to 
find spicules or siliceous surface epidermis in 
the fossil borings here referred to Cliona 
proved unsuccessful, and therefore classifi- 
cation with Cliona cannot be verified from 
this point of view. Both kinds of siliceous 
bodies are so minutely thin in living Cliona 
that if the fossil sponges possessed similar 
siliceous bodies at all, they would have 
likely been dissolved subsequent to death 
of the animal. This would have been par- 
ticularly likely to happen in the case of the 
fossils from the Redoak Hollow, where all 
shell substance, thin or thick, is usually 
completely dissolved. The organism that 
excavated the marine shells in Redoak Hol- 
low time has had the same mode of life as 
extant Cliona. Indeed, Cliona now bores 
different genera and species of shells than in 
Paleozoic time. It is clearly not parasitic in 
either case as it does not derive organic 
nourishment from them, but merely uses 
them as a medium for housing. It is also 
known to excavate some calcareous rocks 
just as well. 

The only evolutionary tendency that is 
obvious from a comparison of living and 
fossil Cliona is its considerable progression 
in size, a tendency common in the evolution 
of most animals. Such phyletic increase in 
size, if not accompanied by other morpho- 
logic or anatomic changes is usually consid- 
ered insufficient for generic differentiation. 
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The species of Cliona from the Redoak 
Hollow include the same extreme morpho- 
logical diversities within the genus as those 
observable in its living representatives; 
that is, they include the forms with con- 
strictions or lobes, such as C. paleodendrica 
and C. stellata, and the forms without them, 
such as C. fenestralis. 


CLIONA PALEODENDRICA Elias, n. sp. 
Pl. 39, fig. 3-10; Pl. 40, fig. 1 


This form is comparable to the excava- 
tions of the extant species of Cliona, as it 
consists of branches coming out from the 
common center, each branch usually swell- 
ing into lobes, and with the lobes of the 
neighboring branches anastomosing. Parts 
of a few branches remain without lobate 
swellings, especially near their apical or 
distal portion. The pattern thus composed 
is a miniature replica of living Cliona spinosa 
or C. corallinoides Hancock (1849, p. 339, 
pl. 13, pl. 15, fig. 1) being about ten to 
twenty times smaller. Hancock considers 
width of lobes one of the important charac- 
teristics of a species; to this specific charac- 
ter may be added the counting of lobes per 
given length of a branch as a complementary 
characteristic. Comparison of C. spinosa 
and C. paleodendrica in regard to these two 
characters is as follows: width of lobes is 2 
to 23 mm. and .1 mm., the number of lobes 
along a branch 5 per 10 mm., and 5 to 7 per 
1 mm. corresponding in C. spinosa and C. 
palecdendrica. C. spinosa has numerous 
papillae that arise from the lobes, and simi- 
lar papillae cover the lobes in C. paleoden- 
drica; instead of one to three on each side 
of a lobe in C. spinosa there is a much larger 
number of papillae covering densely the 
lobes in C. paleodendrica. Another difference 
is the presence of a considerable thickening 
of the initial central part in C. paleodendrica, 
a feature neither illustrated nor mentioned 
in the description of C. spinosa by Hancock. 

The over-all size of the borings does not 
seem to exceed 6 mm. across in the plane of 
its anastomosing branches in S. paleoden- 
drica, while it measures about 35 mm. across 
or more in S. spinosa as seen in the sketch 
by Hancock (1849, pl. 13, fig. 5). 

Several specimens of the species have been 
found in the shells of Chonetes, n. sp., and 
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rarely also in the shells of Spirifer, n. sp., 
where individual sponges are usually poorly 
developed apparently because the sharply 
plicated nature of the shell prevents normal 
development of the sponge borings. See ij- 
lustration Pl. 40, fig. 1. 


CLIONA STELLATA Elias, n. sp. 
Pl. 39, fig. 11-13; PI. 43, fig. 6 


The individual borings are only .3 to .4 
mm. in over-all diameter, each consisting of 
unequally developed branches radiating from 
a common center. Each branch consists of 
very few subcircular swellings spaced not 
too closely along extremely slender tubes, 
and the swellings or lobes are very unequal 
in size. The whole pattern looks Jike a splash 
of a drop of milk or other thick liquid with 
the sprinkles of tiny spherical droplets radi- 
ating from the central point of drop’s fall. 
The largest swellings are about .06-.07 mm. 
in diameter. 

The general character of the borings seems 
to indicate Cliona, or a related new genus 
which would differ from Cliona only by the 
absence of anastomosing of the swellings or 
lobes. However, such absence of anastomo- 
sis may be due to an abbreviated develop- 
ment of the branches of small species, and 
therefore the species is at the present re- 
tained in genus Cliona. 

The species has been found exclusively in 
the shell of Spirifer casteri, n. sp. It may be 
merely a juvenile form of Cliona paleoden- 
drica, but the following facts seem to indi- 
cate that it is an adult form of a diminutive 
species: the size of its numerous individuals 
is quite uniform; the individuals are sepa- 
rated from each other by a distance of more 
than their diameter apart, and thus each 
individual could have easily developed to a 
larger size without interference from the 
growth of its neighbors; furthermore, some 
immature individuals of C. paleodendrica 
have been found in the same shells where a 
number of typical Cliona stellata borings 
have also been encountered. They look quite 
different from those of the latter species and 
no intermediate forms have been detected. 
Furthermore, juvenile or individuals of C. 
stellata arrested in their development are 
occasionally encountered among its adults, 


and these consist of very few, from one to 
four or five unequal subspherical ‘‘droplets” 


or lobes. 


CLIONA FENESTRALIS Elias, n. sp. 
Pl. 40, fig. 2 


The species is erected on a single individ- 
ual of the boring in a fragment of a shell 
that seems to belong to a new species and 
possibly even a new genus of productid 
brachiopods. The boring is characterized 
by a perfect radial symmetry of subequal, 
frequently bifurcating and anastomosing 
branches, which form a subcircular expanse 
5 mm. in diameter. The width of the 
branches varies but little, averaging .1 mm., 
but reaching .2 mm. or slightly more. The 
loops of the network formed by the fre- 
quent anastomosing vary from .1 mm. to 
8mm. in length, and from .1 mm. to.5 mm. 
in width. The branches do not seem to have 
a tendency to become constricted, in which 
character the form differs from all extant 
species of Cliona illustrated by Hancock. 
However, he describes two species of ex- 
tant Cliona: C. muscoides (1849, p. 335) 
and C. labirinthica (1849, p. 345), whose 
branches are said to be devoid of any lobes 
or constrictions indicative of lobes, and these 
species, thefore, are apparently comparable 
to Cliona fenestralis. C. muscoides seems par- 
ticularly like C. fenestralis as it is said to 
have ‘“‘numerous delicate, much-divided, 
closely and irregularly anatomosing branch- 
ing... the principal branches about 1/16th 
of an inch thick, and distinctly seen ramify- 
ing throughout the general interlacement of 
the sponge” (Hancock, 1849, p. 335). C. 
fenestralis differs from it, however, in having 
more delicate branches as well as presum- 
ably much smaller over-all size. Thus the 
fossil form belongs to the small group of 
Cliona species whose branches do not swell 
into lobes, but anastomose more or less 
frequently and thus build a distinct net- 
work, 


Genus CLIONOLITHES Clarke, 1908 


As discussed under the heading Cliona 
genus Clionolithes is restricted to the species 
with radiating branches only, and only two 
among the previously described species are 
retained in it: C. radicans, and C. palmatus. 
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The genus differs from Cliona by the ab- 
sence of swellings or constrictions in the 
branches and by the absence of anastomosis. 

Type species: Clionolithes radicans Clarke 
(subsequent designation, Fenton & Fenton, 
1932). 


CLIONOLITHES cf. C, RADICANS Clarke 
Pl. 40, fig. 3 
Clionolithes radicans CLARKE, 1908, N. Y. State 

Mus., Bull. 121, p. 168; pl. 9, fig. 2; pl. 10; pl. 

11, fig. 1,2; ——, 1921, Ibid. Bull., 221-222, 

p. 88, text-fig. 70-72; FENTON & FENTON, 1932, 

Midland Naturalist, vol. 13, p. 43. 

A few borings have been encountered in 
Spirifer castert which approach C. radicans 
Clarke in the absence of swellings and of 
anastomosis. Clarke illustrated a number of 
examples of C. radicans in the brachiopods 
Dalmanella superstates, Atrypa reticularis, 
and Leptostrophia magnifica from the Devo- 
nian of New Yorkand Pennsylvania (Clarke, 
1908; pl. 9, fig. 2; pl. 10; pl. 11, fig. 1,2); 
and he believed the form restricted to the 
Devonian. The form from the Redoak Hol- 
low seems to have a slight tendency to de- 
velop swelling in its branches, and thus 
differs from C. radicans in this respect. 


CRINOIDEA 


Remains of crinoids are fairly common in 
the Redoak Hollow. Not a single crown or 
cup has been discovered, and the remains 
consist of isolated columnals of stems and 
arms, and occasionally plates and other 
parts of cups. The remains are generally not 
identifiable even generically; at present, 
the taxonomy of the Flexibilia, where these 
remains probably belong, is based exclu- 
sively on crowns or calyces; but not isolated 
plates. There seems to be no serious reason 
why the isolated plates and segments of 
crowns and stems should not be eventually 
used in stratigraphic paleontology, even if 
their assignment to definite genera and spe- 
cies, as now differentiated, cannot be at- 
tained. The problem is merely that of or- 
ganization of these remains in some man- 
ner that is useful stratigraphically. Twenty 
years ago, R. C. Moore made a heroic at- 
tempt at an utilitarian classification of 
“fragmentary crinoidal remains’ (1939) 
and introduced a special kind of binomial 
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nomenclature similar to Linnean nomencla- 
ture but not a part of the present Rules of 
Zoological Nomenclature. In this attempt 
he follows and develops Croneis’s idea or 
“Utilitarian classification of fragmentary 
fossils’”’ (1938). It seems inadvisable to fol- 
low this classification. In addition, the 
coined names in the “utilitarian classifica- 
tion’’ are long and cumbersome, constitut- 
ing an unnecessary burden for the already 
overly burdened paleontological nomencla- 
ture. Instead, an attempt is made here to 
assign provisionally the fragmentary re- 
mains from the Redoak Hollow to the 
crinoidal genera legally recognized in the 
Mississippian and Pennsylvanian strata 
of America and in the rest of the world. 
Their relation to the genera under ques- 
tion mark indicates only possibility, while 
the reason for such tentative reference is 
explained in an accompanying descriptive 
text. The tentatively indicated generic 
(and occasionally even specific) names are 
used as mere taxonomic “handles” for the 
fragmentary remains, and, as classification 
of these remains will be developed as time 
goes on, such assignments will be verified, 
changed, or otherwise improved. A great 
deal more can be learned about taxonomic 
affiliation of fragmentary crinoidal remains 
from their morphology and anatomy, than 
is practiced at the present. For instance, 
the sculpture of crowns and stems, which 
is usually only casually mentioned, should 
be studied in greater detail and be con- 
sidered in generic and specific identifica- 
tions. Taxonomic importance of external 
sculpture has been already firmly estab- 
lished for brachiopods, ammonites, nautiloid 
cephalopods, pelecypods, gastropods, and 
other invertebrates, and there seems to be 
no serious reason not to recognize its im- 
portance in taxonomy of the fossil crinoids. 
Perhaps of even greater potential impor- 
tance in their taxonomy are microstructure 
of the skeletal parts, whose study at the 
present has barely begun. However, har- 
monious study of both sculpture and anat- 
omy should begin with the more com- 
pletely known crinoidal remains, particu- 
larly those consisting of both crown and 
stem, and then be gradually extended to 
less complete remains. This is indeed a long 
range project, and in the meantime the 
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fragmentary remains may be merely re. 
corded, with particular emphasis on details 
which seem to be of eventual use in taxon- 
omy and stratigraphy. Following is such 
record for the fossils from the Redoak Hol- 
low. 

Not all recovered fragmental crinoidal 
remains are being recorded even under 
questionable generic names, but all of them 
that have any distinctive features, with the 
exception of the most common and feature- 
less cylinder shaped with circular-lumen 
“Indian beads,” are here illustrated. 

The most attentive search among these 
remains failed to discover the ‘“‘helm’’ type 
of crinoidal columnals that have a set of 
irregularly spaced and diverse lateral spines, 
and are highly characteristic of the Chester 
series and down to the Keokuk in Illinois 
and its equivalent in the subsurface of 
south-central Kansas and adjacent part of 
Oklahoma (personal record based on sur- 
face and subsurface samples correspond- 
ingly). Neither does the present material 
from the Redoak Hollow contain any 
columnals with regularly distributed lateral 
pimples or short spines, such as has been 
collected from the upper Morrow (Otterville 
to Lester) from near Ardmore (personal 
material collected in 1947). 


Order INADUNATA Wachsmuth‘& Springer 
Suborder FistuLaTa Wachsmuth & Springer 
Family BoTRYOCRINIDAE Bather 
Barycrinus? aff. B. herculeus Meek & 
Worthen 
Pl. 41, fig. 1,2 


The single external mold of a part of a 
stem containing a set of 14 columnals is 
questionably referred to the genus on the 
evidence of the peculiar regularity of the 
succession of the joints which have variable 
diameter. Each fourth joint has convex sides 
and larger height and diameter; and the 
middle one of the three joint sets in-between 
also possesses convex sides, and is higher 
and of slightly larger diameter than the 
other two, which have flat or nearly flat 
lateral sides. The diameter of the largest 
segments is 4 mm. and the height is 1 mm. 
The diameter of the smallest segments is 3 
mm. and the height is about .5 mm. 

It seems that the nearest columnal among 
the published Carboniferous crinoids is that 


of Barycrinus herculeum (Meek & Worthen, 
1873, p. 485-486, pl. 13, fig. 2a). Judging by 
the published sketches of the attached 
columnals the diameter of its largest seg- 
ments is 11 mm., and their height is about 
1.5 mm.; the diameter of the smallest seg- 
ments is 10 mm., and the height averages 
about .75 mm. 


Family CYATHOCRINITIDAE Bassler 
DeEtocrinus cf. D. Mather 
Pl. 41, fig. 3 


External mold of a fragment of a single 
plate possesses a beautifully preserved sha- 
green, the pattern of which seems sufficient- 
ly characteristic for generic and perhaps 
even specific identification. The pattern of 
shagreen is made of short undulating ridges, 
which are divided by narrow valleys and 
frequently tend to break down into isolated 
hills. There is a slight tendency of the 
“grain” of the shagreen near the edges of the 
plate to be perpendicular to them. There 
are several forms in the upper Morrow that 
have the shagreen of the calix approaching 
that in the described fragment. Moore & 
Plummer (1938) published their photo- 
graphs which show various shagreens better 
than in the previous publications, and 
among these the shagreen of Paradelocrinus 
dubius (1938, pl. 13, fig. 2a—c), Delocrinus 
matheri (1938, pl. 13, fig. 3; pl. 16, fig. 1a—c), 
Hydriocrinus? rosei (1938, pl. 14, fig. 8a—d; 
pl. 16, fig. 9), Morrowcrinus fosteri (1938, 
pl. 13, fig. 4a—d; pl. 16, fig. 11), and Ethel- 
ocrinus hispidus (1938, pl. 15, fig. 4a—d) 
have the mentioned comparable type of 
shagreen. By a closer scrutiny of the listed 
illustrations of the shagreen, that of Para- 
delocrinus dubius seem the nearest to that 
in the described fragment. Furthermore the 
curving of the surface of the fragmentary 
plate is very close to the same in the basal 
part of the radial plates (RR) illustrated by 
Moore & Plummer (1938, pl. 13, fig. 2a, 
compare upper central part of the illustra- 
tion). 

The described fragmentary plate is re- 
ferred to genus Delocrinus rather than to 
Paradelocrinus because the latter is differ- 
entiated from the former only by ‘lacking 
an anal plate as an element below the upper 
edge of the cup” (Moore & Plummer, 1938, 
p. 294)—a feature that can be observed 
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only when the whole cup is preserved. Per- 
haps Paradelocrinus should be ranked rather 
a subgenus of Delocrinus, if not a mere muta- 
tion of the latter. 

Delocrinus has not been found as yet in 
the Mississippian rocks of America and is 
an exclusive Pennsylvanian and Permian 


genus. 


ETHELOCRINUS? KIRKI Elias, n. sp. 
Pl. 41, fig. 4,5 


External molds of two fragmentary 
plates and one of infrabasal are question- 
ably referred to this genus on the evidence 
of the shape of the infrabasal, and the 
peculiar roughly designed sculpture, which 
consists of closely set irregularly and vari- 
ably outlined truncated ridges which are 
separated by narrow, vermiform, trench- 
like valleys. It seems that among all crowns 
and calyces previously illustrated in the 
literature of Carboniferous crinoids only 
the external surface of the crowns in Ethelo- 
crinus hispidus (Moore & Plummer, 1938, 
pl. 15, fig. 4a,4c) and in Ethelocrinus papulo- 
sus (ibid., 1930, p. 15, fig. 5a,5e) is more or 
less comparable to that in the described 
species, while the depressed infrabasal and 
the surface of the attachment of the stem 
in one Redoak Hollow specimen seems to 
support this generic assignment. Reference 
of one collected infrabasal to the same genus 
and species with the two mentioned frag- 
mentary plates is based on the similarity of 
their sculpture. However, because this 
sculpture is not exactly the same as in the 
above mentioned two species of Ethelocrinus, 
the form from the Redoak Hollow repre- 
sented by all these fragments is differenti- 
ated as a new species, and only questionably 
referred to genus Ethelocrinus. 

Ethelocrinus is an exclusively Pennsylva- 


nian genus. 


Family PALECOCRINIDAE Kirk 
PALECOCRINUS? sp. 
Pl. 41, fig. 6,7 


Several columnals have been recovered 
that have circular outline, pentamerous 
petaloid lumen, and straight lateral sides. 
Similar columnals from the Wewoka forma- 
tion (=Upper Marmaton group of Des 
Moines series) of Oklahoma are illustrated 
by Girty (1915) who classifies them in two 
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groups, A and B. In group A he places the 
round columnals with straight sides and in 
group B the round columnals with convex 
sides. In useful compilation set of some 
Silurian, Devonian, Mississippian, Penn- 
sylvanian, and Mesozoic-Recent columnals 
published by Moore (1939, fig. 5, on p. 188) 
all Mississippian round columnals with 
pentagonal lumen have their articular sur- 
faces evenly flat, that is without central de- 
pression (ibide, fig. 5-6.17,18,19,21,22,23), 
while the two illustrated Pennsylvanian 
columnals of the same general type are 
centrally depressed (ibid., fig. 5—16b,24). 
The latter columnals are redrawn from the 
photographs published by Girty, who illus- 
trated four columnals, all with central de- 
pressions (Girty, 1915, pl. 3, fig. 3,4,5 and 
8). 

It seems probable that these columnals 
from the Wewoka evolved from those in 
the Redoak Hollow by the development of 
the depression. If so, an intermediate type of 
columnal with petaloid lumena are likely to 
be found in the Springer, Morrow, and Atoka 
series. Unfortunately no columnals have 
been described in the papers on the crinoids 
from the upper Morrow by Mather (1915) 
or Moore (1939), although some of the 
forms known from there possess pentagonal 
lumen in the stem. 

The discussed columnals from the Redoak 
Hollow are questionably classified with 
genus Palecocrinus Kirk, the columnals of 
which are pentagonal in transverse outline 
in the proximal part of stem, but becoming 
circular in the distal part of it (Kirk, 1941, 
p. 82-83). 


Order ApunatTA Bather 
Family PLATYCRINITIDAE Bassler 
(Platycrinidae Roemer) 
PLATYCRINITES? sp. 

Pl. 4, fig. 8-10 


There are a number of diversified frag- 
mental pieces which are generally as high as 
wide, and drum to barrel shaped. They are 
ornamented with spine-like projections, 
which are adpressed to the sides so that 
their apices point toward one of the flat 
articular ends of the drum or barrel. In 
view of their circular transverse outline and 
considerable height, which is about as large 
as or larger than width, these pieces are 
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likely to be segments of cirri, but at the 
present none are known that would be orna- 
mented in this fashion. Some species of 
Platycrinites have arms which possess nodes 
pointing slightly proximad (see Meek & 
Worthen, 1873, pl. 3, fig. 4d,5b,6b). Per- 
haps the cirri of some species of Platy. 
crinites could have the kind of sculpture 
similar to that in their arms; reference of 
these cirri to Platycrinites is entirely specu- 
lative. 


Family HEXACRINITIDAE Bassler 
(Hexacrinidae Wachsmuth & Springer) 
PTEROTOCRINUS? SPRINGERENSIS Elias 

n.sp. 


Pl. 41, fig. 11 


The Mississippian genus Pterotocrinus 
was comprehensively reviewed by Sutton 
(1934), who also demonstrated its consid- 
erable stratigraphic usefulness in differenti- 
ating the subdivisions of the Chester series 
into formations. The most specifically char- 
acteristic parts of the crowns in this genus 
are the ‘‘wing plates,’’ that occur in sets of 
five, each spaced in-between the bases of 
the arms. A single wing plate which appar- 
ently belongs to this genus has been recov- 
ered from locality No. 1 of the Redoak 
Hollow. Its calcium carbonate was practi- 
cally dissolved but the plate did not disin- 
tegrate, as its lattice of tiny canals was 
filled with limonite possessing sufficient 
coherence for its preservation. 

The plate is generally as flat as most of 
the typical wing-plates of Pterotocrinus, 
and is bilaterally symmetrical about a plane 
perpendicular to its flatness. When follow- 
ing Sutton’s morphology and terminology 
for the wing plates of Pterotocrinus one can 
recognize in the form from the Redoak Hol- 
low a basal part which expands rapidly into 
a blade that is wider than high. The outline 
of the blade in the present form is, perhaps, 
the most complex among all previously de- 
scribed species of the genus. It has on each 
side wide and slightly bilobate lateral ex- 
pansions, and also a wider medial expansion 
with two lobes, but more strongly differen- 
tiated and more widely divergent than the 
lobes in the lateral expansions. On one side 
of the wing-plate and close above its base 
is a semi-lunar depression which seems to 
be a ligamental pit to connect it with an 


underlying radial plate (similar depression 
is illustrated, though not described by 
Moore, 1939, text fig. 2-27 on a ‘‘facetal’’ 
from the Burlington). The position of this 
depression in the plate of bilateral sym- 
metry suggests an orientation of the five 
wing plates in a plane perpendicular to the 
axis of the crown, somewhat like the wing 
plates of Pterotocrinus bifurcatus Wetherby 
or of P. coronarius (Lyon) (see Sutton, 
1934, pl. 50, fig. 16,27). 

In spite of the complexity of the outline 
the wing plate of P.? springerensis is com- 
paratively small: 7 mm. wide and 4.5 mm. 
high, smaller than all the plates of the strati- 
graphically highest among the previously 
known species: P. menardensis Weller from 
the Menard, and P. clorensis Sutton from 
the Clore (Sutton, 1934, pl. 49, fig. 47-49, 
52,53). 

Sutton records, but does not describe in 
detail or illustrate large ‘‘wing plates’’ simi- 
lar to those of P. clorensis and P. menarden- 
sis from the Kinkaid limestone of western 
Kentucky, which ‘‘shows the continuation 
of the P. depressus line of development to 
the end of the Mississippian period’’ (Sut- 
ton, 1934, p. 406). The new species P.? 
springerensis can hardly belong in the phy- 
letic series of P. depressus, as its wing-plates 
are apparently oriented perpendicular to 
the crinoidal axis, or are horizontal, while 
the wing-plates in P. depressus are oriented 
in vertical radiating planes. In view of this, 
and because there is no proof that the plate 
from the Redoak Hollow belongs to Pteroto- 
crinus, it is placed in this genus tentatively. 


ECHINOIDEA 
cf. P. IRREGULARIS 
Meek & Worthen 
Pl. 41, fig. 12-15 
Pholidociearis irregularis, MEEK & \WORTHEN, 

1873, Ill. Geol. Survey, vol. 5, Paleontology, 

p. 512-513, pl. 15, fig. 9a—c (fig. 9a misprinted 

as 4c on the plate). 

Only isolated Echinoid spines, larger and 
smaller, have been recovered, also a very 
few fragmentary plates of the ‘‘collar- 
button” type. These isolated remains are 
generally insufficient for even generic identi- 
fication, because different genera occasion- 
ally bear similarly developed spines. and 
some of their plates also are similar. Not 
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only external but also complex internal 
structure of the spines from the Redoak 
Hollow is preserved in all details, and per- 
haps in the future, when the anatomy of 
the spines will be studied systematically 
such well preserved remains will be possible 
to classify with assurance. As this is not the 
case, the remains from the Redoak Hollow 
are here questionably referred to Pholido- 
cidaris, an upper Mississippian genus whose 
spines are simple cylindrical, very gradually 
tapering bodies, with fine longitudinal stria- 
tion, and slightly expanded door-knob 
shaped base. Some larger primary spines 
and smaller secondary spines of Pholido- 
cidaris have about the same shape, and the 
spines in the Redoak Hollow are of the same 
two kinds, and have the same mutual pro- 
portional magnitude. 

There is a group of species of Archaeo- 
cidaris from the lower Carboniferous of 
America and Europe, typified by A. wortheni 
Hall, whose spines are generally similar to 
those of P. irregularis in that they are 
slender and bear no barbs. They differ in 
being invariably smooth, and in most cases 
inflated (Jackson, 1912, pl. 9, fig. 9-13; and 
pl. 10, fig. 1-9). Archaeocidaris halliana 
Geinitz from the Upper Pennsylvanian at 
Nebraska City, Nebraska has similar slen- 
der spines that are not smooth, but appear 
longitudinally striated. However, when 
seen under magnification their surface ap- 
pears ornamented ‘‘with minute spinules in 
numerous vertical! series” (Jackson, 1912, 
explanation to pl. 15, fig. 4). Spines more 
nearly identical to those of Pholidocidaris 
are encountered in some of the species of 
Lepidocidaris (Jackson, 1912, pl. 16,17); in 
fact the spines from the Redoak Hollow 
could be easily assigned to this genus with 
as much justification as to genus Pholido- 
cidarts. Such alternate identification would 
not change its stratigraphic significance, 
because both Pholidocidaris and Lepido- 
cidarts are characteristic Mississippian gen- 
era. 


ANNELIDA 
SPIRORBIS ELEGANS Elias, n.sp. 
Pl. 40, fig. 4 


The single specimen consists of two and 
a half or three coils, the outer two coils 
sculptured on their upper surface by very 
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oblique angular ribs of varying intensity. 
Its few stronger, almost spine-like ribs are 
more or less regularly spaced (about six per 
volution) among the more numerous, weak 
to moderately prominent, and less oblique 
costae (lines of growth?). The shell is nearly 
2 mm. in diameter, and the end diameter of 
its last volution is } mm. 

Discussion.—The small form is so regu- 
larly coiled that it could be with almost 
equal propriety compared with coiled 
cephalopods or planispiral gastropods. The 
irregular distribution of the stronger among 
the numerous ribs, which are all oblique in 
relation to the axis of coiling, and the very 
small size of shell make its classification with 
Spirorbis most probable. None of the previ- 
ously known ammonoids from the late Pale- 
ozoic have sculpture as oblique and irregular 
as that in the Redoak Hollow form; also 
coils of such small early ammonoid volutions 
are usually evolute or only slightly involute 
while the coiling in the new form is strongly 
involute. 

It seems that none of the known late 
Paleozoic planispiral gastropods are orna- 
mented with coarse oblique structures simi- 
lar to the Redoak Hollow form, but several 
genera of Ordovician and Cambrian gastro- 
pods have similar sculpture, all of them 
being much larger forms. At least two species 
of late Paleozoic Spirorbis, S. nodulosus 
Hall from the St. Louis limestone of Indiana 
and S. anthracosia Whitfield from the ‘‘Coal 
Measures”’ of Ohio have similar oblique 
orientation of variable sculpture as in S. 
elegans, though neither is exactly like it. 

The shell is half the size of Spirorbis an- 
nulatus nodulosus and could be considered 
an immature individual of this species (Hall, 
1856, p. 34; Beede, 1906, p. 1272, pl. 26, fig. 
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31), if it were not that the sculpture of the 
upper side of the latter consists not only of 
the oblique ribs, but also of one spiral eleva. 
tion along the middle of the upper side of 
the volutions. The sculpture of the outer. 
most volution in S. nodulosus is further 
complicated by the development of several 
concentric rows of regularly spaced and 
prominent nodes. Thus, Spirorbis elegans 
has somewhat simpler structure in compari- 
son with S. nodulosus, and its spine-like 
elevations on the strongest oblique ribs 
make only a single row, as they are lined 
up closer to the center than to the outer 
edge of the volution. 

Spirorbis anthracosia Whitfield is about 
the same size (‘‘one line’) and approaches 
S. elegans closely in the variability of the 
sculpture of its shell, but its ribs and lines 
of growth are not as oblique as in S. elegans, 
and the number of the coarsest elevations 
which are lined up near the umbilicus is 
much larger, up to 16 per volution, than 
the number of spine-like elevations in S. 
elegans which is only 6 or 7 per volution. 
Furthermore, the coiling in S. anthracosia 
is not planispiral, but rather high-spired, 
and more evolute than involute, with a 
wide and deep umbilicus. 


CORNULITES INELEGANS Hyde 
Pl. 40, fig. 5,6 
Cornulites inelegans HYDE, 1953, Ohio Geol Surv. 

Bull. 51, p. 290; pl. 53, fig. 9. 

The single specimen in the Redoak Hollow 
is shorter than Cornulites inelegans from 
the Logan formation (lower Mississippian) 
of Ohio, but is identical with it in all other 
respects. 

The shell is a slowly expanding and not 
quite straight cone. It is about 3} to 4mm. 


EXPLANATION OF PLATE 41 


Fic. 1,2—External mold of part of stem of Barycrinus? aff. B. herculeus Meek & Worthen, encrusted 
by Eridopora (Discotrypella) radiata, n. sp., X10. 
3—Delocrinus cf. D. dubius Mather. External mold of a plate, X10. 
4,5—Ethelocrinus? kirki, n. sp. External molds of two plates, X10. 
6,7—Palecocrinus? sp. External molds of columnals, X 1. 
8-10—Platycrinites? sp. 8, External mold of two adjacent cirri. 


11—Pterotocrinus? springerensis, n. sp.; X10 


12-15—Pholidocidaris? cf. P. irregularis Meek & Worthen. 12,13, molds of a primary spine, 
14,15, molds of secondary spine; cross-section and longitudinal section, X10. 


16-18—Columnals of unknown crinoids; X10. 
19,20—Molds of infrabasal plate and of a columnal of undetermined crinoid, X10. 


Piate 41 
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long and 13 mm. in diameter at its distal 
end. Its surfacé is roughly annulated, the 
width of the annulations increasing from 
} mm. in the proximal part to 3 mm. in the 
distal part of the shell. Some of the annula- 
tions are complicated by a locally developed, 
subcentral short and sharp groove. The 
whole surface of the shell is covered by fine 
lines of growth. There are a few faint longi- 
tudinal ribs occasionally developed in the 
depressions between the annulations. 

The internal mold shows the same number 
of annulations as the external mold of the 
shell, but they are shaped somewhat differ- 
ently, as each ring is nearly flat and with a 
distinct distal overlap. A very distinct scar 
of attachment, in the form of flattening of 
the surface, is reflected in the inner mold 
for a distance of about 1 mm. from the proxi- 
mal end of the shell (pl. 2, fig. 5). 

Discusston.—Cornulites inelegans differs 
from all known species of this genus by its 
much smaller size and insignificant or prac- 
tically absent longitudinal ribs. Silurian 
Cornulites arcuatus Conrad is most similar 
to it in the character of sculpture, but is a 
much larger (20 mm. long) shell. 

The occurrence of Cornulites inelegans in 
the Redoak Hollow lengthens its previously 
known range. The genus has not been found 
higher than the Mississippian. 
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PENETRANTS OF UNCERTAIN AFFINITY 


This heading is proposed for small organ- 
isms (few microns to few millimeters) capa- 
ble of producing excavations, mostly in 
shells of marine invertebrates. Such excava- 
tions are known to be produced by algae, 
sponges, ctenostomatous bryozoans, worms, 
minute cirripeds, and others. Because it is 
not the organism itself but its excavation 
that is the subject of paleontologic record, 
and some excavations can be only doubt- 
fully ascribed to a definite organism, it is 
convenient to describe them together. In 
doing so it is possible to bring out the mor- 
phologic distinctions that allow differentia- 
tion of one type of excavation from another. 


Genus BASCOMELLA Morningstar 


This genus was proposed by Morningstar 
(1922) for a zoarium-like combination of 
egg-shaped vesicles and tubular stolons, in 
a supposed interconnection. Condra & Elias 
(1944, p. 538,539) examined Morningstar’s 
original material from the Pottsville of 
Ohio, and re-described and re-illustrated it 
in connection with the study of their own 
extensive material on similar excavations 
from the Upper Pennsylvanian and lower 
Permian of the northern Midcontinent. 
Although they regarded the assumed rela- 


EXPLANATION OF PLATE 42 


Fic. 1—Eridopora (Discotrypella) stellata, n. subgen., n. sp., X10. Holotype, on Dictyoclostus ameri- 


canus, basal Eskeridge shale, Lower Permian, Roca, 


Nebraska. 


2—Sterbloplax crustacea, n. gen., n. sp., bottom view of internal mold: X10. 


3—Strebloplax crustacea, n. gen., n. sp. Top, side, and bottom views of an internal mold of zooecial 
chamber, X30. Bottom view of a part of zoarium, X30. 

4-7—Eridopora (Discotrypella) radiata, n. sugben., n. sp., X10. 4, outer mold of a base with con- 
centric wrinkles, marginal zooecial tubes, and a few rows of rudimentary zooecia along some 
of the wrinkles. 5, Basal view of a part of discoid colony. 6, Outer mold of a base with 
concentric wrinkles. The additional set of coarser and parallel wrinkles, that are superposed 
diagonally, are caused by the attachment of the colony to the reverse of Fenestella, whose 
branches are thus reflected. 7, Mold of individual zooecium; side view; X25. 

8-9—Cheilotrypa distans, n. sp., X10. 8, Longitudinal section showing the irregularly contracting 
and expanding inner core, and the zooecial tubes inclined about 45° to the surface. 9, Outer 
mold showing longitudinally and diagonally disposed apertures, from some of which are 
extended zooecia, that contract slightly and gradually downwards. 

10—Rhabdomeson (Rhombopora) ulrichi, n. sp. Outer mold with some tubular zooecia attached to 
the apertures, especially at the bottom, 10. 

11—Tabulipora macnairi, n. sp. Holotype. Internal longitudinal view, showing thinner, initial 
parts of the zooecial tubes in the axial portion of the zoarium, and the wider, mature parts of 
the zooecial tubes, traversed by diaphragms, in the cortical portion of the zoarium, X10. 

12—Tabulipora? sp. Small zoarium attached to crinoidal stem, X10. 

13-15—Fenestella exigua var. springerensis, n. var. 13, Outer mold of obvsere, X10. 14,15, views 
and profile of apertures and operculum, X60; and lateral view of internal mold of zooecial 
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tionship of Bascomella to ctenostomatous 
bryozoans ‘‘with doubt” and only “pro- 
visional,”’ they continued to apply the name 
Bascomella to the combination of ‘‘stolons”’ 
and ‘“‘vesicles,” though pointing out the 
occasional occurrences of the two structures 
separately. 

In 1956, when in America, Dr. Alfred 
Seilacher, professor of geology at Tiibingen 
University, Germany, informed me of his 
impression that the ‘vesicles’ of Bascomella 
bear a striking resemblance to the excava- 
tions of the living miniature barnacle Alcippe 
(Hancock, 1849), and are likely to be pro- 
duced by a similar fossil organism. Dr. 
Seilacher kindly permitted me to publish 
his remark, and I agree with him that an 
Alcippe-like barnacle rather than cteno- 
stomatous bryozoan has probably produced 
the egg-shaped Bascomella excavations; if 
so, however, their combination with the 
stolon-like excavations is accidental. The 
fact that the latter occasionally run into 
the egg-shaped excavations merely indi- 
cates their independent and non-contem- 
poraneous origin. 

Indeed, Morningstar’s specific name gi- 
gantea for the original Bascomella implied 
correctly that its size is much larger than 
that of the known ctenostomatous bryo- 
zoans and, as we now realize, it is quite 
within the magnitude of the living minute 
barnacles. The shape and orientation of the 
excavations are also quite comparable to 
those of the living Alcippe, as will be dis- 
cussed. 

In view of all this, it is here proposed that 
the generic name Bascomella be applied to 
the egg-shaped excavations, and not to 
their combination with stolon-like excava- 
tions which are only occasionally found with 
them. Hence the generic diagnosis for 
Bascomella must be correspondingly abbre- 
viated and modified from that given by 
Condra & Elias (1944, p. 538) thus: Oval to 
pear shaped excavations, narrower end clos- 
er to surface of host shell; occurring singly 
or in irregular groups. 

The suggestions for Bascomella may be 
compared with subdivision of a previously 
established genus into two genera in which 
one is to retain the old name. However,the 
application of the name Bascomella to one 
of the original combination is restricted to 
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the vesicle alone because the other, the 
stolon-like part, when considered by itself, 
is indistinguishable from Condranema Bas- 
sler, 1952 [previously a part of Heteronema 
Ulrich & Bassler, not Heteronema Dujardin, 
1841]. 


BascoMELLa cf. B. GIGANTEA Morningstar 
Pl. 40, fig. 7,8 
Bascomella gigantea MORNINGSTAR, 1922, [part] 

Ohio Geol. Surv. Bull. 25, p. 157-158; pl. 6, 

fig. 18-20. Bascomella gigantea ConpRra & 

Extras, 1944, [part] Geol. . Amer. Bull. vol. 

55, P. 539-541; pl. 6, fig. 20-22; pl. 9, fig. 

3-5,7,8; pl. 10, fig. 4-11; pl. 11, fig. 1-6. 

The specimens which are here recorded 
as Bascomella cf. gigantea are groups of 
obovate vesicles, not associated with any 
stolons, and probably produced by a minia- 
ture barnacle. They differ from somewhat 
similar molds of Seminolithes clarket, n.sp., 
by their more or less obovate shape, one end 
being always more acuminate than the 
other. Although the shape of Seminolithes is 
also somewhat obovate, it assumes this con- 
tour only in the plane of flattening, thus re- 
sembling pumpkin seed. 


Genus SEMINOLITHES Hyde 


Seminolithes HypE, 1953, State of Ohio Div. of 
Geol. Surv., Bull. 51, p. 215. 


Type species: Seminolithes lintt Hyde. 


The genus is erected ‘“‘for the fillings of 
cavities in shells made by a boring organ- 
ism... , which are lenticular in shape.” The 
only species, Seminolithes linit is described 
as “thin lenticular cavities, elliptical in out- 
line and usually standing either normal to 
the surface of the shell or inclined to it. 
rarely lying nearly parallel to the surface. 
Occasionally the surface of the filling of 
such a boring has the appearance of having 
had very fine thread wound around it. The 
general shape and size, although variable, 
are comparable to those of flax seed.” 

Discussion.—Hyde does not compare his 
genus with previously known fossil excava- 
tions. Seminolithes resembles Caulostrepsis 
Clarke and Bascomella Morningstar (em. 
Elias), its shape similar to the former while 
its orientation to the host-shell is like that 
in the latter. Bascomella fusiformis Condra 
& Elias (1944, p. 541; pl. 10, fig. 12-14) is 
about the size of S. linti. However, it is 


somewhat longer and perfectly fusiform 
without flattening of its sides. 

A good number of the fillings of the exca- 
vations in the shells from the Redoak Hol- 
low are more similar to Seminclithes than to 
either Caulostrepsis or Bascomella. 


SEMINOLITHES CLARKE! Elias, n.sp. 
Pl. 40, fig. 10,11 


This new species is found in the shells of 
the brachiopods Buxtonia semicircularis 
(Sutton & Wagner), Spirifer casteri, n.sp., 
and a fragment of another, undetermined 
large brachiopod in which it is particularly 
prolific; the latter is selected as holotype of 
the species (pl. 2. fig. 11). 
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most characteristic feature of the genus—a 
close proximity to the surface of the shell 
of the immersed stolons, and occurrence 
along the outer side of the stolons of sporadic 
or regularly spaced slightly elevated circular 
scars of attachment of the zooecia. 
Discussion.—Presence of zooecial scars 
distinguishes Condranema from the cylindri- 
cal tunnels produced by other animals or 
plants, which also penetrate shells, and in 
doing so, need not keep close to their sur- 
face. Only the tunnels of the boring sponge 
Cliona are habitually connected with the 
outside by a series of short perforations 
spaced along the linear tunnels, as are the 
stolons of ctenostomatous bryozoans. Only 


Genus and Species Width Length Age 
Bascomella gigantes Morningstar .8-.9 1.6-2.0 Pottsville to L. Permian 
Bascomella fusiformis Condra & Elias .3-.4 2.8 Douglas gr., U. Pennsylvanian 
Seminolithes linit Hyde .3-.5 2.0 Logan fm., Osage series 
Seminolithes clarkei Elias, n. sp. 6 1.2 Redoak Hollow, U. Chester 


The fillings of the borings are obovate but 
with a distinctive flattening on the lateral 
sides that are perpendicular to the surface 
of the host-shell. This flattening distin- 
guishes them from the obovate casts of 
Bascomella gigantea but does not make 
them as thin as casts of Seminolithes linii 
Hyde. Table 2 shows comparative dimen- 
sions for the four discussed species of Bas- 
comella and Seminolithes. 


Genus CONDRANEMA Bassler 


Heteronema tricH & BAsSLER, 1904 [part], 
Smiths. Misc. Coll., vol. 45, p. 278, pl. 65. 
BassLER, 1911 [part], U. S. Nat. Mus. Bull. 
77, p. 57, text-fig. 6a—d. BASSLER, 1922 [part], 
Smiths. Inst. Ann. Rep. for 1920, p. 355, text- 
fig. 6-1,2. CoNDRA & Extas, 1944 [part], Geol. 
Soc. Amer. Bull. vol. 55, p. 542-545; pl. 6, 
fig. 19; pl. 7, fig. 4-6; pl. 8, fig. 5-8. 

Condranema BASSLER, 1952, Jour. Wash. Acad. 
Sci. vol. 42, p. 381. 


Simple, straight to curved cylindrical tun- 
nels in fossil shells, interpreted as creeping 
stolons of stoloniferous Ctenostoma. They 
are immersed in various shells as deep as 
their own diameter only, so as to allow sup- 
posed attachment of the upright mem- 
branaceous polypides to their upper sur- 
face. The latter requirement results in the 


a few species of Cliona have linear tunnels 
without rhythmic constrictions, but they 
invariably radiate from a common center, 
and occasionally anastomose, whereas neither 
of these features is typical for Condranema. 

Genotype of Condranema is Heteronema 
capillare Ulrich & Bassler from the Silurian 
of Gotland Isle. 

The Devonian Filuroda Solle (1938) dif- 
fers from Condranema in that its ‘‘vermiform 
tubes ... wander loosely and at random” 
and their diameter attenuates repeatedly 
(see Clionolithes reptans, genotype of Filu- 
roda, in Clarke, 1908, p. 168; pl. 11, fig. 3). 
The Permian Conchotrema Teichert (1915, 
p. 203) is like Filuroda but with straighter 
tubes. 


CoNDRANEMA cf. C, MAGNA 
(Condra & Elias) 
Pl. 40, fig. 9 
Heteronema magna, ConpRA & Eras, 1944, Geol. 

Soc. Amer. Bull. vol. 55, p. 543-545, pl. 7, 

fig. 4-6. 

To this species may be referred some 
stoloniferous systems immersed in the shells 
of bivalves close to their outer surfaces, as 
the stolons in some valves of Acanthopecten 
grandis, n.sp., and others. These stolonifer- 
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ous systems differ from Marcusodictyon 
priscum var. vinet only in that they do not 
form angular loops, as the stolons in both 
kinds are of the same thickness and have the 
same bulbous lateral outgrowths. 


BRYOZOA 
Order CTENOSTOMATA 
Genus MARCUSODICTYON Bassler 
MARCUSODICTYON PRISCUM, N.var. 
(illustrated in part 3, Pelecypoda) 


The new variety of M. priscum (Bassler) 
differs from the typical Ordovician form as 
it has stolons of a larger diameter and the 
magnitude of the meshes which these 
stolons make is greater. The stolons are 
.1 mm. to .15 mm. wide, and make meshes 
2 mm.X4 mm. wide. In the type of M. 
priscum the stolons are .02 to .03 mm. wide, 
and make meshes .2 X.4 mm. 

Besides the ordinary stolons there are also 
developed often a few bulbous short out- 
growths in the plane of the stoloniferous 
meshwork. These outgrowths could be inter- 
preted as prostrate undeveloped zooecia 
homologous to young stolons. In the best 
known of the Paleozoic stoloniferous Cten- 
ostomata Ascodictyon the stolons occasion- 
ally swell into fusiform to oval structures 
(Condra & Elias, 1944, pl. 1, fig. 11) com- 
parable to the short bulbous outgrowths. 
However, no such outgrowths have been re- 
corded for Marcusodictyon priscum. As 
nothing is known about the biologically and 
taxonomically most important part, the 
zooecia, and in view of possible prolonged 
conservation of the stock which occupies a 
very specialized ecological niche, it seems 
conceivable that species M. priscum sur- 
vived from Ordovocian to the Pennsyl- 
vanian without fundamental change in its 
organization. 


VINELLA BILINEATA Elias, n. sp. 
Pl. 40, fig. 13 


The holotype and the only specimen col- 
lected represent a luxuriously developed 
colony upon a fragment of a large pelecypod, 
with more than a score of hollow centers 
around which radiate 8 to 10 ‘‘rays,’’ each 
uniformly .12 mm. across, and averaging 
about 1 mm. long. Many rays or radii are 
distinctly double-barrelled, which is the most 
distinctive specific character previously un- 
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recorded for any species of Vinella. ‘‘Rays” 
rigidly straight to gently curved. Distance 
from center to center from .4 to 1.2 mm.; 
centers only slightly wider than rays. 

Discussion.—Bifid character of rays in V, 
bilineata may be understood as bunching of 
rays into twos, and if so, this is the second : 
species where rays are bunched, the first 
being Vinella? multiradiata Ulrich & Bassler 
(1904, p. 276, pl. 68, fig. 8) from the Roches. 
ter shale (Silurian), Lockport, New York; 
in the latter the “radii are commonly dis- 
posed in sets of three to five.’’ Besides hay- 
ing disposition of radii in sets of two, V. 
bilineata differs from V. multiradiata in hav- 
ing thinner radii and smaller number of 
radii around each center. 


Order CyCLOSTOMATA 
Family FIsTULIPORIDAE Ulrich 
Genus Errpopora Ulrich 


Eridopora ULrRicu, 1882, Jour. Cincinnati Soc. 
Nat. Hist., vol. V, pt. 1, p. 137. ULricn, 
1890, Ill. Geol. Survey, vol. 8, p. 382,463. 
Srmpson, 1897, 14th Ann. Rep. State Geol. 
N. Y. for 1894, p. 563. NICKELS & BASSLER, 
1900, U. S. Geol. Surv. Bull. 173, p. 25,236. 
HERNON, 1935, Jour. Paleont., vol. 9, 672-673. 
BASSLER, 1935, Bryozoa, part 67 of Fossilium 
Catalogus, Animalia; p. 16,104. 

Pileotrypa Hatt, 1886 [part], Fifth Ann. Rep. 
State Geol. N. Y. for 1885, expls. p. 30. Srmp- 
sON, 1897 [part], 14th Ann. Rep. state Geol. 
N. Y. for 1894, p. 562, pl. 23, fig. 8 & 12 only. 


Genus Eridopora embraces very thin en- 
crusting zoaria, and was originally based on 
two species described from the shaly lime- 
stones of the Chester series in Ohio. Ulrich 
does not illustrate or describe complete 
zoaria, which seemingly are fairly large, 
and he does not mention the radiating 
arrangement of the rows of apertures (or 
their lunaria) from an initial point; thus his 
material comprises fragments of distal parts 
of zoaria. His original generic diagnosis 
reads: 

Zoarium thin, incrusting. Cell-mouths sub- 
triangular or ovate, and more or less oblique, 
with the margin strongly elevated on one side, 
or the “lip” may extend unequally all around 
the aperture, it being always more prominent 
on one side than on the other. Cell orifices sur- 
rounded by from one to three series of smaller, 
angular interstitial cells, which, when the zoari- 
um is well preserved, are covered by an inter- 
stitial membrane. Longitudinal sections show 
that the interstitial cells do not form tubes, but, 
instead, the intertubular spaces are occupied 


by vesicular tissue.... Type, Eridopora 


macrostoma, n. sp. 


While Ulrich made no observation in re- 
gard to the initial part in Ertdopora or of 
radiation of zooecial apertures, his original 
illustration of genotype EZ. macrostoma shows 
disposition of the hooded apertures in radial 
rows with superimposed diagonal rows in 
such a way that spacing of the apertures in 
diagonal rows is denser than their spacing 
along the radial rows. The disposition of the 
hooded apertures in some of the zoaria from 
the Redoak Hollow is much the same and 
constitutes one of the reasons for their classi- 
fication with genus Eridopora. 

Discussion.—Ulrich’s original concept of 
genus Eridopora was retained essentially un- 
changed in the subsequent literature, even 
after addition to the genus of some of the 
Devonian species originally placed by Hall 
in his genus Pileotrypa (Hall, 1886; see 
Nickles & Bassler, 1900, p. 236). 

Hernon describes ‘‘E. macrostoma(?)”’ and 
an additional species of Eridopora, E. occt- 
dentalis (1935, p. 672,673) from the Paradise 
formation of Arizona, both somewhat dif- 
ferent than the original two species from the 
Chester but similar in the large size of en- 
crusting zoaria (up to 3 cm. in diameter 
in E. occidentalis), in having nearly the same 
spacing of the zooecial apertures (14 to 15 
per 5 mm.), and in the lopsided ‘“‘lunaria.”’ 
Hernon did not observe or illustrate any 
radial arrangement of the apertures that 
would indicate the position of the starting 
point of a zoarium. 


Subgenus DiscoTRYPELLA Elias, n. subgen. 


Description.—The material from the Red- 
oak Hollow, which is here included in 
Discotrypella, a new subgenus of Eridopora, 
differs from all of its previously described 
species by the very small size of the zoaria 
(not over 9 mm. in diameter), their circular 
to subcircular outline, and the outwardly in- 
clined to sub-prostrate position of the curved 
zooecial tubes. No indication of maculae (in 
the form of bald spots), or monticules 
(grouping of larger than average apertures) 
has been observed. In the central part of 
each zoarium is a circular bald spot of about 
1 mm. in diameter, around which is formed 
the first, inner circle of hooded zooecial 
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apertures, with the hoods opening outward 
from the central spot. 

Type species: Eridopora (Discotrypella) 
stellata, n. sp. 

Discussion.—The noted differences seem 
sufficient for differentiation of the Eridopora- 
like species from the Redoak Hollow at least 
as a subgenus Discotrypella. Apparently 
none of the previously described Paleozoic 
bryozoa can be placed in it, but in the ma- 
terial from the Pennsylvanian and lower 
Permian of the northern Midcontinent at 
the Nebraska Geological Survey a good 
number of small circular zoaria of Discotry- 
pella have been observed. Zoaria of this 
kind have not been found, as yet, in the 
material from the Upper Mississippian at 
any other locality. 

Encrusting circular zoaria of comparable 
small size are known from the lower Paleo- 
zoic (Ordovician-Devonian) under generic 
names Discotrypa, Aspidopora, Petigora, 
and others (all genera differentiated by UI- 
rich, 1883), but they all differ from Dis- 
cotrypella by the absence of the hooded 
lunaria, and by the vertical to subvertical 
orientation of the zooecial tubes. Besides, 
all these genera have either monticules, or 
maculae, or “‘spiniform tubulae’’ (acantho- 
pores), or various combinations of these fea- 
tures. 

Some species of Ceramopora Hall, par- 
ticularly the Silurian (Niagara) C. labecula 
Hall and Devonian (Lower Helderberg) C. 
labeculoidea Hall are practically indistin- 
guishable from the Redoak Hollow form ex- 
ternally. If their internal structure, pres- 
ently unknown, is the same as Discotrypella, 
then they will have to be removed from 
Ceramopora. Ulrich’s (1890, p. 463; pl. 39, 
fig. 1-1b) examination of C. imbricata Hall, 
the genotype of Ceramopora, established 
that it had ‘‘no epitheca,”’ and instead the 
“basal portion of zoarium composed of a 
cellular or spongy tissue, from which the 
zooecia grow out more or less obliquely.” 
The forms referred here to Discotrypella 
have very thin wrinkled epitheca from which 
the zooecia grow out directly, and there is 
no spongy tissue comparable to that of 
Ceramopora imbricata. 

Genus Eridopora, s.s., is known only from 
the Devonian and Mississippian of America, 
while Discotrypella of the Redoak Hollow, 
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Pennsylvanian and Permian could be its 
dwarfed descendant. 


ErRIDOPORA (DISCOTRYPELLA) STELLATA 
Elias, n. sp. 
Pl. 42, fig. 1 


This species from the basal Eskeridge 
shale, Big Blue Permian, Roca, Nebraska, is 
here introduced as the type of Discotrypella. 
This is done so that the type of the new 
subgenus can be based on a calcareous speci- 
men instead of a mold as only molds are 
available in the Redoak Hollow material. 

The only individual of E. (D.) stellata 
described is a small disk only 3.5 mm. in 
diameter, while the disks of E. (D.) radiata 
are two or three times as large. Zooecial 
tubes ascend at a sharp angle to the upper 
surface of the zoarium and make long radiat- 
ing elevations slanting inwards from each 
aperture on the surface, in star-like fashion; 
hence the specific name stellata. The radiat- 
ing “‘hoods’”’ are at least as long as the di- 
ameter of the apertures, and frequently are 
up to two times as long. 

Discussion.—The long ‘‘hoods” distin- 
guish D. stellata from D. radiata as the 
“hoods” in the latter are short; their eleva- 
tion is noticeable for a distance of only half 
diameter of an aperture in the direction in- 
ward. 


ERIDOPORA (DISCOTRYPELLA) RADIATA 
Elias, n. sp. 
Pl. 41, fig. 1a; Pl. 42, fig. 4-7 


A number of well preserved molds of com- 
plete to nearly complete zoaria have been 
recovered. They are either nearly flat and 
circular, or tend to be so when their growth 
is lopsided. This is probably caused by ab- 
normal encrusting growth due to unsuitable 
substratum. Diameter of zoaria averages 4 
or 5 mm., but the radius of the largest in- 
complete zoarium extends about 4.5 mm. 
from its initial part If it were symmetrically 
expanded its diameter would have reached 
9 mm. 

The reverse or the surface of attachment 
of the zoaria is invariably concentrically 
wrinkled. as it follows the surface of the sub- 
strata only in a general way. This seems to 
indicate it had ability to attach itself to 
other bryozoa or other invertebrates when 
the latter organisms were alive, as the en- 
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crusting zoaria were able to adjust them. 
selves to the slight elasticity and possible 
growth of the organism serving as a sub. 
stratum. 

Thickness of zoaria averages about .5 
mm. or even less, with only slight increase 
toward the center, and an abrupt decrease, 
near the outer edge. Mature zooecial tubes 
radiate from the center, are crowded very 
tightly together along the basal surface, 
so that only a very thin wall separates the 
neighboring tubes. Basal part of tubes is 
prostrate, the side facing the reverse nearly 
flat (except in the zoarial transverse 
wrinkling), and some tubes have a longi- 
tudinal septum, which divides their flat 
basal part into two subequal halves (pl. 
42, fig. 6). The distal, mature part of each 
zooecial tube turns gradually upwards (pl. 
42, fig. 7) and terminates in an obtuse angle 
with the upper surface. Its hooded aperture 
always faces diagonally away from the 
zoarial center. The zooecial tubes which 
start near this center are short and only 
slightly prostrate at the base; the zooecial 
tubes next toward the periphery become 
gradually longer, but the outermost tubes 
are underdeveloped, flat, short, and have no 
hooded aperture, as they consist of only 
immature basal parts. Similar short and flat 
underdeveloped zooecia are found occasion- 
ally in small concentric groups along some 
of the larger wrinkles of the zoarial base. 
The transverse outline of the basal part of 
the zooecial tubes is always subangular, and 
so is the lower part of their mature portion, 
wherever they continue to adhere tightly 
to each other. Only in the outermost part 
(next to the hooded aperture) does their 
transverse outline becomes more or less 
circular, and here the tubes are about as far 
as half of their diameter apart. The inter- 
vening space is apparently filled by meso- 
pores which is assumed from the angular 
net-like or mozaic-like impression in the 
outer rock-matrix. There are from one to 
two rows of mesopores between the neigh- 
boring apertures. Usually four tightly ad- 
hered zooecial tubes can be counted per 1 
mm. tangentially, but at the outer surface 
of the zoarium the hooded apertures are 
spaced more distantly, about 13 or 14 per 5 
mm. in diagonal rows, and about 73-8 per 
5 mm. in radial direction. 
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No diaphragms, acanthopores, or maculae 
have been observed. All full grown zooecial 
tubes and their apertures are of about the 
same diameter. Diameter of apertures 
about .25 to .30 mm. 


Genus CHEILOTRYPA Ulrich, 1884 
CHEILOTRYPA DISTANS Elias, n. sp. 
Pl. 42, fig. 8,9 


Several specimens of this form recovered 
from locality III are placed in Cheilotrypa. 
The genus differs from all other ramose 
Cryptostomata by its comparatively large 
and distantly spaced apertures with peri- 
stomes strongly elevated posteriorly, and 
smooth, somewhat concave intervals be- 
tween the apertures. Another important 
generic character is the presence of a central 
tube, “irregularly expanding and contract- 
ing” (Ulrich, 1884, p. 49). A mold of this 
tube can be seen on fig. 8, pl. 4. It shows 
transverse differentiation into short inter- 
vals of variable, .3 to .7 mm. diameter. The 
external diameter of the transversely circu- 
lar zoarium is about 1.5 mm., and expands to 
2.5 mm. of long diameter in elliptical sec- 
tion when about to bifurcate. In the proxi- 
mal part of the zoarium, zooecial tubes run 
for a short distance along the contact with 
the central tube, and then curve gradually 
outward and cross the outer surface of the 
zoarium at an angle of about 45°; in the 
distal part of the zoarium they assume this 
direction at the axial tube. The internal 
structure of the interzooecial spaces is not 
preserved. The intervals between zooecial 
apertures average slightly less than their 
diameter, but larger smooth intervals occur 
sporadically between the apertures so that 
they have an appearance of small maculae 
(pl. 42, fig. 9). Apertures average 3 per 2 mm. 
along the zoarium, and usually arranged in 
regular diagonal rows, with nearly 4 aper- 
tures per 2 mm. along each row. 
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Discussion.—C. hispida of the Glen Dean, 
Chester has a dense spacing of the apertures, 
which also are arranged in diagonal rows 
with 3 or slightly more apertures per 1 mm. 
along a row. In longitudinal direction there 
are from 5 to 6 apertures per 2 mm. The 
species Cheilotrypa regularis described by 
Easton (1943, p. 139, pl. 22, fig. 3,4) from 
the Pitkin limestone of Arkansas has zooecia 
spaced 4 to 5 in 2 mm. longitudinally, the 
spacing intermediate, as it were, between 
those of the two mentioned species. Simi- 
larly, axial tube in C. regularis is of inter- 
mediate (even if variable) size in proportion 
to the external zoarial diameter. Numerical 
data for these three and an additional 
Devonian species, are taken directly from 
their published illustration, and entered in 
table 3. They illustrate the tendencies that 
seem to be of evolutionary significance. 


Order TREPOSTOMATA 
Family STENOPORIDAE Duncan 
Genus Pycnopora Girty 

Subgenus Pycnopora Girty, 1910, Ann. NewYork 
Acad. Sci., vol. XX, No. 3, pt. II, p. 202-204. 
Genus _Pycnopora BASSLER, 1934, Bryozoa: 
part 67 of Fossilium Catalogus, Animalia; p. 
18, 180. BASsLER, 1941, Jour. Wash. Acad. Sci. m 
vol. 31, No. 5, p. 176, fig. 1,2. Leioclema ULRICH, 
1890 [part], Til. Geol. Surv., vol. 8, p. 431-432 

(Leioclema ? araneum Ulrich only). 


Type species: Pycnopora regularis Girty, 
1910, p. 203. 

Girty introduced Pycnopora as a subgenus 
of ‘“‘Lioclema”’ (Letoclema of authors) and 
differing from the ordinary zoaria of this 
genus by very thin encrusting growth forms, 
“greatly reduced number of mesopores and 
the much smaller acanthopores’’ (Girty, 
1910, p. 203). 

Three new species of the genus were 
originally described by Girty but not 
illustrated: P. regularis, P. bella, and P. 


TABLE 3 


Species 


Number of 
apertures 
per 2 mm. 


Ratio of 
axial tube 
to dia. 


Age 


Redoak 
Upper Pitkin 
Glen Dean 
Middle Devonian 


3to4 
4to5 
4 to 6 
about 6 


Cheilotrypa distans Elias, n. sp. 
Cheilotrypa regularis Easton 
Cheilotrypa hispida Ulrich 
Cheilotrypa osceolata (Hall) 
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hirsuta, all from the Fayetteville shale of 
Arkansas, 

We are indebted to Bassler for publication 
of some sketches prepared from thin sec- 
tions. Two sections of genotype, vertical 
and tangential, have been illustrated, but 
none of its growth forms or of the mode of 
arrangement of its apertures. Neither Girty 
nor Bassler mention any regularity in zoo- 
ecial arrangement, which could have been a 
reason for the specific name regularis, but 
two other species of the genus: P. hirsuta 
Girty and Pycnopora araneum (Ulrich) have 
the apertures regularly arranged in ‘‘quin- 
cunx”’ in the first, and ‘‘radially about one 
or more centers”’ in the second of these spe- 
cies. 

The basal epitheca of the encrusting 
growth form is wrinkled in the genotype, 
but is not wrinkled in P. araneum. Girty 
gives no generic or subgeneric significance 
to this character. 

The genus differs from similarly thin and 
encrusting Eridopora by the absence of 
lunaria. 


PYCNOPORA OVATIPORA Elias, n. sp. 
Pl. 43 fig. 1,2 


Several zoaria of this species, encrusting 
shells and fragments of crinoid stems have 
been recovered; the largest example, se- 
lected as holotype, encrusts the outer surface 
of a full grown valve of Leptodesma matheri, 
n. sp. The following description is based on 
this specimen. 

The crustose zoarium is about .3 or .4 
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mm. thick, and is observable only from a 
somewhat eroded reverse, by which it ad. 
heres to Leptodesma. The reverse is even, 
and the zooecial tubes outlined upon it have 
an oval to somewhat diamond shape, the 
longest diameter measuring .25 to .3 mm. 
The oval bases are arranged so that their: 
longer diameters radiate from a common 
center, three such centers being observable 
in the holotype. The oval bases are arranged 
in intersecting and curving diagonal rows, 
The whole ‘‘quincunx” pattern is such that 
only in a few places is it possible to count 
the zooecia per 1 mm. along either radial or 
transverse directions. It was found that in 
such places 3} oval bases occupy 1 mm. 
longitudinally, and 8 can be counted per 1 
mm. transversely. 

Because the zooecial tubes are in contact 
with each other throughout the zoarium, 
only the interstices in the angles between 
the tubes are filled with irregular mesopores. 
No acanthopores have been observed, but 
perhaps these are so thin that they left no 
inner limonitic molds in the narrow spaces 
between the walls of the adjacent zooecial 
tubes. The latter are vertical and short (.3- 
.4mm.), with only a trace of proximal radial 
drag at their bases. 

Zooecial tubes are nearly the same shape 
and size over zoarium, and only those at the 
very center tend to be subcircular. Zoarium 
of holotype is sub-elliptical in outline, with 
a radius up to 4 mm. long, or 8 mm. diame- 
ter. Neighboring zoaria coalesce impercepti- 
bly, thus making a continuous crust. No 


EXPLANATION OF PLATE 43 
Fic. 1,2—Pycnopora ovatipora, n. sp., X10. 1, Encrusting outer surface of Leptodesma, n. sp. 2, En- 


crusting unidentifiable shell. 


3-5—Fenestella cumingst Condra & Elias, reverse of proximal part of a zoarium, X2, its detail, 
X20, and the outline of zooecial chamber X 20. 

6—Cliona stellata, n. sp., in Spirifer, n.sp.;and Fenestella cf. F. chesterensis, showing molds of the 
zooecial chambers viewed from reverse, and outer mold of the obverse. 

7,8—Fenesteverta nicklesi, n. gen., n. sp. Two views of the same spirally coiled specimen at slightly 
different orientation. The spirally coiled main branch has a typical polyporid arrangement of 
zooecia in four rows, while the lateral branches have a regular fenestellid arrangement of 


zooecia in two rows, X10. 


9—Fenestella paradisensis Condra & Elias. Inner mold viewed from reverse showing well de- 


veloped lower hemisepta, X10. 


10—Tabulipora simplex, n. sp., Internal mold broker along a number of subparallel, centrally- 
perforated diaphragms of the zooecial tubes; bottom view; X10. 


11—Tabulipora macnairi, n. sp. a X10. 
owing molds of trapezoidal zooecial chambers, from Redoak 


12—Fenestella cf. F. frutex M’Coy, s 
Hollow X20. 
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diaphragms can be observed, but they may 
be obscured by the rough preservation of the 
mold in the medium to fine grained sand- 
stone. 

Discussion.—P ycnopora ovatipora is near- 
est to Pycnopora araneum (Ulrich) from the 
Chester of Illinois. Both species have ellipti- 
cal outlined cross-sectioned zooecial tubes, 
but in P. araneum they are not arranged in 
quincunx, but only “in radial rows,’’ as 
Ulrich states (1890, p. 431), and each tube 
is traversed by densely spaced solid septa, 
while no septa can be observed in the zoo- 
ecial tubes of P. ovatipora. 

It seems that P. ovatipora has evolved 
from P. araneum. 


Genus STENOCLADIA Girty 
STENOCLADIA? BASSLERI Elias, n. sp. 
Pl. 44, fig. 4a; Pl. 50, fig. 17,18 


The largest and nearly completely pre- 
served zoarium represents a symmetrically 
bifoliated growth form about .4 mm. thick, 
which grows on and around a flattened tube 
of unknown nature. The width of the thin, 
flattened, slowly expanding tube is from 1 to 
1.2 mm.; and it is ornamented by very faint, 
transverse, narrow costae separated by wide 
intervals, about nine intervals per 1 mm. 
The length of tube is 11 mm., the length of 
the zoarium built around it is about the 
same. The zoarial foliation coincides with 
the plane of the flattening of the tube, and 
the opposite sides of the bifoliate zoarium 
are split among the flattening. The expanse 
of the zoarium within its plane of symmetry 
is unequal, 2 mm. wide on one side and 5.5 
or 6 mm. on the other side. The zoarial 
chambers are arranged in longitudinal, 
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somewhat radiating rows, as seen distinctly 
on the two reverse surfaces which originally 
were back to back, but cleaved along the 
exact plane of contact in the course of prep- 
aration. All chambers are flattened at the 
base along the plane of the main cleavage, 
but there is a shallow but sharp longitudinal 
groove in the middle of the flattened base of 
each chamber. The length of the chambers in 
the greater part of the zoarium is about .7 
mm., measured on the reverse, and the 
chambers of the same row are separated 
from each other by a diagonal wall at varia- 
ble angles of inclination. At the distal end 
each chamber turns sharply to a perpendicu- 
lar position in relation to the zoarial front, 
and thus forms an oval aperture, as should 
be seen on the obverse. There are 5 zooecial 
apertures per 2 mm. in each longitudinal 
row. The checkerboard arrangement of the 
chambers and of the apertures in the neigh- 
boring rows results in diagonal rows, which 
curve regularly with outward convexity. 
The number of apertures in the diagonal 
rows is 9 per 2 mm. The apertures in the 
longitudinal rows are spaced their own di- 
ameter apart, and intervening spaces are 
filled with two or three rows of pores, two to 
four pores in a row, which are of the same 
nature as the interapertural pores in Streblo- 
trypa and in Strebloplax, n. gen. here de- 
scribed. There are some scattered small round 
pores over the zoarium which are not regu- 
larly disposed, and apparently are acantho- 
pores. 

The preceding description and measure- 
ments of various details are based on the ob- 
servations of the larger of the two unequal 
sides of the zoarium. The part of the zoarium 


EXPLANATION OF PLATE 44 


Fic. 1—Fenestella tenax Ulrich. External mold of the obverse of nearly complete zoarium, X 2. 
2—Fenestella cumingsi Condra & Elias. Outer mold of the obverse (to the left), and outer mold of 


the reverse, X10. 


3—Fenestella paradisensis var. ardmorensis, n. var. Inner mold, from reverse, showing well de- 


veloped lower hemisepta, X10. 


4—Stenocladia? bassleri, n. sp., on Fenestella cumingsi Condra & Elias. Internal mold from inside 
its bifoliate zoarium, split along its plane of bifoliation, X10. 

5—Fenestella morrowensis Mather. Internal mold of the zooecial chambers, viewed from the re- 
verse, and external mold of the obverse, X10. 

6—Fenestella cumingsi Condra & Elias. Internal mold of the zooecial chambers viewed from the 


reverse, X20. 


7—Fenestella ovatipora, n. sp., showing, in part, the inner molds of the zooecial chambers, and, 
in part, the outer mold of the obverse with the irregularly-elliptical apertures, X 20. 
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on the other side of the tube is shorter and 
irregularly built, with zooecial tubes stand- 
ing erect, up to .4 mm.—.5 mm. tall, but at 
two points the zoarium on this side sends 
out two short flat bifoliate tongues, which 
tend to have the same structure as the larger 
part of the zoarium on the other side of the 
tube. 

A second, equally well preserved example 
of S. bassleri, demonstrates convincingly 
the constance of the peculiar orientation of 
its bifoliate zoarium in relation to sub- 
stratum, so that the flattening of the sub- 
stratum coincides with the medial plane of 
the flat zoarium. In the second example, a 
fairly large flat fragment of Fenestella 
cumingst serves as a substratum and the bi- 
foliate zoarium of S. bassleri grows around it 
(pl. 44, fig. 4a) much in the same fashion as 
it grows around the tube described above. 
In both examples the thickness of the bifoli- 
ate growth form is very near that of the sub- 
stratum, so that together with the latter it 
forms a flat disk, with somewhat ragged 
edges, the core of which is formed by the 
substratum. 

Discussion.—lIf the form from the Redoak 
Hollow belongs to genus Stenocladia, it pro- 
vides evidence that zooecia on the opposite 
sides of bifoliation arise back to back, and 
their central grooves, by a contact, produce 
longitudinal canals common to the two op- 
posite foliations (Bassler, 1941, p. 178). 

The perfect symmetry of the bifoliate 
growth form strongly suggests its free 
growth within the surrounding medium 
(marine water), and not in a prostrate posi- 
tion upon sea bottom, which would have re- 
sulted in some kind of dissymmetry and by 
which the upper and lower sides of the zoari- 
um could have been recognized. It is hardly 
possible to expect aay zooecia to develop 
downward into the muddy or sandy bottom, 
as in such a position they could not receive 
any food. The growth of S. basslert pro- 
ceeded upon erect, and probably live sub- 
stratum, such as an edge of Fenestella, a 
tube, or a similar object. Such growth of 
S. bassleri apparently would not interfere 
with the life functions of a live substratum. 

The Redoak Hollow form is, in some re- 
spects, comparable to Stenocladia frondosa 
(Girty, 1910, p. 204-206; Bassler, 1941, p. 
176-178, fig. 23-24). The genotype and only 
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species of the latter was sketched by Bassler 
from two thin sections of the species avail- 
able to him, and he states that the original 
specimen described by Girty is now missing. 
The preservation of the material from the 
Redoak Hollow in the form of internal molds 
does not permit very clear observation of 
the obverse, and the dissolution of the walls 
makes it impossible to observe the texture 
of the sclerenchymatous tissue and the 
acanthopores in it. Hence the comparison 
of some essential details of the obverse and 
of the structure of the wall is impossible, 
The structural characters that can be ob- 
served in the form from the Redoak Hollow 
permit differentiation of it specifically from 
Stenocladia frondosa and even question its 
possible differentiation into a new genus. 

S. basslert differs from S. frondosa in that 
its foliations are only .2 mm. wide, while the 
foliations in the latter are .5 mm. The zooecia 
in S. basslert are arranged in regular longi- 
tudinal rows, and their apertures are also in 
regular diagonal rows, while no regularity is 
illustrated for S. frondosa by Bassler or de- 
scribed by Girty. This latter difference, if 
confirmed by further comparative observa- 
tions, would indicate generic differentiation 
between the two species. 


STREBLOPLAX CRUSTACEA 
Elias, n. gen., n. sp. 
Pl. 42, fig. 2,3 


No attempt is made to separate generic 
from specific characters in the single ex- 
panse of this bryozoan, whose thin crust en- 
tirely embraces the lateral surface of a frag- 
ment of a small crinoid stem made of five 
joints. The encrusting zoarium differs from 
the previously described creeping Crypto- 
stomata by considerable elongation of its 
short zooecia in the direction of growth of 
the crust. This elongation can be best ob- 
served in the basal part of the crust, where 
the zooecial chambers are closely pressed to- 
gether in diagonally crossing rows of elon- 
gated diamond-like or lens-like outlines. 
The contacts between the successive elon- 
gated zooecia of the same row are invariably 
at a sharp angle averaging about 45°. 

The shape of the zooecia is also peculiarly 
characteristic as their posterior half is very 
low and has a flat top while the anterior 
half is raised into a broad cylindrical vestib- 
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ulum with a sub-elliptical outline. Above 
the low flat roof of each zooecium several 
short vertical tubes with variable diameter 
are developed. They are not connected with 
the zooecial chamber, stopping short above 
its flat roof, and probably represent abortive 
zooecia at various degrees of development. 
As they press against the vestibula of the 
neighboring normal zooecia, they produce 
gentle vertical plications over the posterior 
two-thirds of their surface. This detail, 
coupled with the general shape of the zoo- 
ecial chamber, makes its internal mold look 
like a crude hairbrush. 

The orientation of the zoarial growth form 
upon the crinoid stem is quite regular: its 
initial part, which can be recognized by non- 
elongated zooecia, is located in the middle 
of one of the gently convex crinoid joints. 
As the zoarium grows, its zooecia become 
strongly elongated in the direction of 
growth, which is along the suture lines of 
the joints, that is, across the axis of the 
crinoidal stem. Only at the very edges of a 
joint are the marginal elongated zooecia in- 
clined slightly toward each edge respec- 
tively. As the zooecial crust creeps over the 
structure between the two joints, its direc- 
tion of growth turns at once by 90° and ex- 
actly parallels the axis of the crinoidal 
stem, as indicated by the direction of elonga- 
tion of all zooecia. This direction of growth 
continues over all other joints throughout 
the preserved part of the stem. 

Measurements of S. crustacea are as fol- 
lows: crust about .15 mm. in diameter, 6 
mm. in length, about 8 zooecia per 1 mm. 
across longitudinal rows, and about 2 to 24 
zooecia per 1 mm. along longitudinal rows. 

Discussion—The mode of preservation 
does not permit observation of the face of 
Strebloplax, but judging by its well pre- 
served internal structure, it should look 
somewhat like Streblotrypa hertzert Ulrich 
from the Cuyahoga shales and the Keokuk 
of the upper Mississippian. 

Ulrich gives the following measurements 
for Streblotrypa hertzert: diameter of stem 
2 mm., oval zooecial apertures ‘‘arranged in 
not very regular diagonally intersecting and 
longitudinal series, 9 in 3 mm. diagonally 
and 10 in 5 mm. longitudinally’ (Ulrich 
1888, p. 85-86), the data are not very dif- 
ferent from those in Strebloplax crustacea. 
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Genus TABULIPORA Young 


Tabulipora YOuNG, 1883, Ann. Mag. Nat. Hist., 
ser. 5, vol. XII, p. 154. 

Stenopora FOERSTE, 1887, Bull. Denison Univ. 
Sci. Lab., vol. 2, p. 85. ULRicH, 1890, III. Geol. 
Survey, vol. 8, p. 375,436. NICKLEs & BASSLER, 
1900 [part], U. S. Geol. Survey Bull. 173, p. 
33,409 [Only ‘American species” with dia- 
phragms “perforated centrally.”’] ConprRa, 
1903, Nebr. Geol. Survey vol. 2, p. 40. Grrty, 
1910, N. Y. Acad. Sci. Ann. vol. 20, No. 3, p. 
196. LEE, 1912, Mem. Geol. Survey Great 
Brit., Pal., vol. 1, pt. 3, 140-150. ULricn, 1913 
[part], in ZITTEL, EASTMAN Paleontology, 2d 
Am. ed., p. 335. 

Tabulipora Girty 1915, U. S. Geol. Survey Bull., 
593, p. 30-31. Grrty 1915, in Hinps & GREEN, 
Mo. Bureau of Geol. and Mines, 2nd ser., vol. 
13, p. 339. Sayre 1930, Kans. State Geol. Sur- 
vey, Bull. 17, p. 88. 


In 1912 Lee restricted the use of generic 
name Tabulipora to the species with ir- 
regularly thickened walls in the mature or 
cortical zone of the zoaria, and having solid 
or imperforated tabulae or diaphragms. 
Taking Lee’s analysis into account, Girty 
(1915, p. 30) pointed out that ‘“‘apparently 
there are no forms in the American Carbo- 
niferous which should be referred to Steno- 
pora as now understood,” in restricted sense, 


as suggested by Lee, “‘unless it should prove 


that Batostomella was the same genus.”’ The 
analysis of some species from the Pennsyl- 
vanian of Missouri which he placed in 
Batostomella (Girty, 1915a, p. 323-339) did 
not settle the latter problem, and led to a 
further difficulty regarding the differentia- 
tion of Batostomella from Rhombopora. As 
Girty points out ‘‘Lee has found... that 
the perforation in an entire group of Eng- 
lish species of Tabulipora is not central but 
marginal and diaphragms constructed in 
this way are hardly distinguishable from 
hemisepta” (Girty, 1915a, p. 324). Never- 
theless American species formerly classified 
with Lonsdale’s genus Stenopora, and whose 
diaphragms are centrally perforated, are 
now re-classified with Tabulipora, and this 
practice is here followed. 

Two encrusting and one ramose species 
of this genus are recognized in the material 
from the Redoak Hollow. 


TABULIPORA SIMPLEX Elias, n. sp. 
Pl. 43, fig. 10 


The single 3 mm.X6 mm. fragment of 
this form is a part of a small crustose zo- 
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arium only .6 mm. thick with a very thin 
and flat epitheca. All zooecia are of nearly 
the same size; about 4, seldom as many as 
43, in 1 mm. of space. The walls between 
them are very thin, and, due to tight ad- 
herence to each other, the chambers have a 
polygonal cross section throughout. Their 
immature parts are about 1 mm. long, pol- 
ygonal in cross section. These immature parts 
lay prostrate, parallel to each other along 
the flat base of the zoarium. Each is about 
.1-.15 mm. wide, but the width rapidly in- 
creases to twice as much when the zooecia 
turn abruptly at an obtuse angle of 130°- 
140° and become mature. Two or three dia- 
phragms cross the intermediate and mature 
parts of a zooecium; they are plane and all 
are centrally to subcentrally perforated, the 
outline of perforation varying from round to 
elliptical, and the diameter from } to 3 of 
their width. The distance between the dia- 
phragms is the same as, or larger than their 
diameter. 

There is certainly no room for mesopores 
or thickening of walls anywhere in the 
zoarium, nor are there any acanthopores. In 
a few places there are narrow columnar 
spaces where three or more zooecia make 
interstices, where ordinarily acanthopores 
are readily developed in most species of 
Tabulipora; and when they are present in 
the corners or along the walls between zo- 
oecia they usually protrude into zooecia: the 
thinner the wall, the sharper the protrusion, 
but no acanthopores can be observed in the 
example from the Redoak Hollow, nor can 
any linear impressions be detected in the 
very thin walls from the would-be acantho- 
pores. 

Discussion.—All previously known 
American species of Tabulipora have great- 
er or lesser number of acanthopores, and 7. 
simplex differs from them in this respect. 
Nearest to it is 7. emaciata (Ulrich, 1890, 
p. 438, pl. 74, fig. 2,2a) from the Keokuk of 
Illinois. The latter species has polygonal 
apertures, no mesopores, and its centrally 
perforated diaphragms are as wide as their 
own diameter apart or nearly so, as in 7. 
simplex. Also its epitheca is as thin as in the 
latter species, but it is wrinkled; it differs 
also in having a few acanthopores protrud- 
ing into the walls of the zooecia, and its 
zoarium develops monticules made of larger 
zooecia. Tabulipora cestriensis has less simi- 
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larity to T. simplex as it has a thick and 
wrinkled epitheca and more numerous acan- 
thopores. 


TABULIPORA cf. T. TUBERCULATA Prout 
Pl. 40, fig. 14; Pl. 50, fig. 19 


Some small encrusting zoaria, up to 1 mm. 
thick, can be generally referred to Tabdujj- 
pora because their zooecial tubes are sub- 
perpendicular to the surface of attachment, 
and, in the narrow intervals between them, 
are developed distinct acanthopores. Zo. 
oecial tubes are spaced closely; the spaces 
between are from } to } of their diameter, 
43 to 5 zooecial tubes can be counted per 
1 mm. Their apertures are apparently cir- 
cular and have no lunaria. Numerous acan- 
thopores are distributed somewhat irregu- 
larly in a single row between the zooecial 
tubes. 


TABULIPORA MACNAIRI Elias, n. sp. 
Pl. 42, fig. 11; Pl. 43, fig. 11 


Branches from 1.4 to 2 mm. in diameter, 
frequently bifurcating at 60° to 90° angles. 
Zooecial tubes straight in the central part, 
which occupies about } to 3 of the diameter, 
and curves to periphery in the transitional 
region, at first gradually, then becoming 
nearly straight and inclined at an angle of 
30° to 45° axis, and then turning again 
sharply to subperpendicular direction when 
entering cortical region .15 mm. thick. 
About 4 zooecia per 1 mm. of length of the 
periphery, and 5 per 1 mm. in diagonal 
rows, but the tubes gradually reduce their 
diameter toward the central core, where 
they average only } to 3 of their largest di- 
ameter. Tubes are irregularly angular in 
cross section, and the inside surface of walls 
is gently and irregularly transversely wrin- 
kled. Each tube is traversed by one to three, 
but mostly two diaphragms, usually spaced 
about as wide as their own diameter apart 
and located at and slightly under the corti- 
cal region. Diaphragms are widely per- 
forated. 

Some isolated and slender tubes are oc- 
casionally observed in the cortical region, 
seemingly undeveloped zooecial tubes, not 
true acanthopores. Diameter of these odd 
and very much scattered tubes is quite vari- 
able, from about .03 or .04 mm. to about 
.15 mm. 

Walls between zooecial tubes are very 
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thin, but expand suddenly up to .1 mm. 
thick in the cortical region. Questionable 
acanthopores are observed occasionally 
within the wall thus thickened. 

Apertures arranged in sub-regular diag- 
onal pattern, but observation of their ar- 
rangement and shape is very difficult be- 
cause of the peculiar mode of preservation 
of the species in the form of internal molds. 

Discussion.—Although many ramose spe- 
cies of Tabulipora (Stenopora) are known 
from the Carboniferous of America, most of 
them described by Ulrich, the single ramose 
species from the Redoak Hollow is differ- 
ent from them in that they all possess acan- 
thopores, while 7. macnairi has very few or 
none. 

Only Tabulipora gracilis from the Fayet- 
teville shale (upper Mississippian) of Ar- 
kansas, described but not illustrated by 
Girty (1910, p. 198-199), seems comparable 
to T. macnairt in ramose growth form and 
a few other features. Girty states that in 
his species ‘‘mesopores appear to be few,” 
and “acanthopores nearly absent,’ though 
both these structures are better developed 
“in a second specimen than in that from 
which this description is drawn” (Girty 
1910, p. 199). While the comparison with 
this species is handicapped by the absence 
of illustrations, it is possible to point out 
from its description alone at least three 

characters which distinguish it from T. 
macnairt; it has ‘‘tabulae few and irregularly 
distributed,’’ while in the present species 
the diaphragms (tabulae) are located in- 
variably at the very periphery of a branch; 
Girty’s species is said to have only 5 or 6 
zooecia in 2 mm., while in the new species 
there are 7 to 8 zooecia per 2 mm. along the 
surface of the branches. 


Genera RHABDOMESON Young & Young, 
and RHOMBOPORA Meek 


Critical review of these two genera is es- 
sential for understanding of the following 
description and taxonomic treatment of 
the ramose forms from the Redoak Hollow. 
The two genera are similar externally, but 
differ internally: in Rhabdomeson zooecia 
arise from axial tube, while in Rhombopora 
there is no axial tube and zooecia arise from 
geometrical axis. 

Rhombopora is one of the most common 
among Paleozoic genera, and in a broad 
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sense ranges from Silurian to Permian. 
However, this comprehensive genus lends 
itself to an effective differentiation into 
other genera on the evidence of external 
pattern of zooecial apertures and orna- 
mentation, as McNair & Bassler show by 
recent segregation from it of Hyalotoechis 
(1942), Saffordotaxis (1952), Goldfussitrypa 
(1952), and Nicklesopora (1952). The segre- 
gation of these and the mentioned four 
genera by McNair and Bassler necessitates 
re-definition of Rhombopora as follows: 

Zoarium cylindrical, branching, with 
zooecia arising from geometrical axis; in- 
ternally differentiated into axial or ‘im- 
mature” region, where zooecial walls are 
uniformly thin; and cortical or ‘‘mature’’ 
region where these walls are thick; exter- 
nally differentiated into regularly symmet- 
rical diagonal rows of apertures, and less 
regularly expressed longitudinal rows; meg- 
acanthopores and acanthopores at inter- 
sections of diagonal ridges separating aper- 
tures; ridges smooth or _ tuberculate; 
mesopores absent; diaphragms and hemi- 
septa may be present. 

This diagnosis is also applicable to 
Rhabdomeson except the latter possesses 
an axial tube in place of a geometrical axis. 


*Rhabdomeson (Rhombopora), as a phyletic 
sub-genus 


Taxonomic treatment for the ramose 
bryozoans from the Redoak Hollow is un- 
usually difficult for the following reasons: 

(1) These bryozoans are morphologically 
transitional between the genera Rhabdomeson 
and Rhombopora, that is the rhabdomesontid 
axial tube is present in some parts, but never in 
all parts of a zoarium. 

(2) Their transitional character is displayed 
in the collected basal and proximal parts of 
zoaria, while no basal parts of Rhabdomeson 
is known. 


In view of this a question may arise 
whether the basal and proximal parts here 
described could be, at least tentatively, re- 
ferred to either Rhabdomeson or Rhombopora. 
However, in the numerous examples of 
Rhabdomeson from all over the world the 
axial tube is present throughout examined 
parts of zoaria, and no axial tube was ever 


* The author would prefer to indicate ‘‘phyletic 
subgenera”’ by a special symbol, z.e. square brack- 
ets.—EDITOR. 
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discovered in any part of any forms of 
Rhombopora. There is a good reason to re- 
gard the three species of the described group 
of morphologically transitional forms as 
phyletically transitional, and to classify 
them into a transitional Rhabdomeson 
(Rhombopora) genus (Elias, 1949, p. 149). 
This classification is in harmony with an 
apparent development of the genus Rhom- 
bopora in restricted sense at about the age 
to which the Redoak Hollow fauna belongs, 
and rhabdomesontid type of a branch in 
ontogenetically early stage of zoarium 
means recapitulation of its ancestral char- 
acter. 

A genus could be instituted for the transi- 
tional zoaria, the three kinds of which are 
classified here as Rhabdomeson (Rhombo- 
pora). However, such taxonomic move 
would be unpractical. Most fragments en- 
countered belong to distal parts of zoaria 
where there is no axial tube, and thus they 
are indistinguishable from genus Rhombo- 
pora; and conversely, a few fragments from 
the proximal part of zoaria, in which axial 
tube extends throughout, cannot be dis- 
tinguished from Rhabdomeson. 

Because the specimens are molds, and 
the axial tubes in them are indistinguishable 
in shape and size from fragments of straight 
spines of branchiopods which are frequently 
found with the bryozoans in the Redoak 
Hollow, the possibility had to be seriously 
considered that the apparent axial tubes 
were fragmentary brachiopod spines. Such 
spines are known to serve as bases for some 
bryozoan encrustations. If specimens with 
unleached calcium carbonate could be col- 
lected, there would have been no difficulty 
deciding whether it is an axial tube or 
merely a brachiopod spine. After a long and 
determined search through the collected 
material from the Redoak Hollow, one 
specimen (pl. 47, fig. 15) was eventually 
found, that has its axial (very thin) tube 
partly calcareous, its substance is opaque, 
and certainly not that of a brachiopod spine. 
Besides, this tube is not smoothly cylin- 
drical, as all brachiopod spines are, but has 
somewhat ragged outline, such as occurs 
occasionally in the axial tube of Rhabdo- 
mesons (Bassler, 1929; pl. 13, fig. 2; 1953, 
text-fig. 91-1c). Furthermore, the axial 
tubes in all other specimens have their 
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calcium carbonate replaced by earthy to 
spongy ferruginous substance without a 
trace of concentric foliation which is gs 
typical of brachiopod spines. 

The material from the Redoak Hollow 
includes apparent basal parts previously 
unrecorded for any species of Rhabdomeson, 
hence no comparison with the latter’s basal 
part is possible. There is good reason to 
expect, however, that the basal part of 
Rhabdomeson would contain an axial tube 
just as observed in proximal as well as 
distal parts in all its known fragmentary 
distal specimens. All the specimens refer- 
able to the transitional subgenus Rhab- 
domeson—(Rhombopora) possess axial tubes 
in their proximal part, and in some there is 
a basal tube-bearing a branch in which the 
zooecia diverge in two opposite directions 
from a narrow central zone where the zo- 
oecia are subperpendicular to the axis, 
Somewhere in the central zone there must 
be zoarial ancestrula or its equivalent, and 
the axial tube apparently antedates it in 
the colonial ontogeny. 

Young & Young (1874, p. 337) describe 
in Rhabdomeson gracile ‘a hollow axis 
formed by a thin calcareous tube,” and 
claim that ‘‘both axis and cells are filled 
sometimes with amorphous calcareous mat- 
ter or with clay sediments.’’ Bassler (1929, 
p. 69) states that “‘the central axial tube is 
not an integral part of the zoarium because 
it is filled with material from the surround- 
ing sediments,” and believed that ‘“‘as is 
the case with many modern bryozoa, the 
zoarium was probably attached to the slen- 
der radicels of algae or similar organism 
of perishable nature which disappeared 
entirely after death leaving a hollow space 
to be filled with mud or other material.” 

However, in the species of Rhabdomeson 
from the Pennsylvanian of Texas, Moore 
(1929, p. 141-148) described and illustrated 
numerous diaphragms traversing the axial 
tube, and I have also found diaphragms 
traversing the axial tube in some specimens 
of Scottish Rhabdomeson gracile. Hence 
axial tube in this genus could not possibly 
be originally hollow, but was filled with 
some kind of soft or liquid organic substance, 
and its occasional filling with surrounding 
matrix must have been a secondary phenom- 
enon. 
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TABLE 4 
Species Tube Zooecia Hemisepta phragmus thopores Tori Notes 
Rhabdomeson- Changing Short and None None Not pre- Coincide All parts of 
(Rhcmbcpora) | distally to uniformly served zoarium 
4oerstei, N. Sp. geometrical | wide collected 
axis 
Rhabdomescn- In primary, | Long and Superior None Preserved as | None Only speci- 
(Rhombopora) | branch only | slender, nar- | and inferior molds men collected 
rogersi, N. SP. rowing near is proximal 
axis part of 
zoarium 
Rhabdomeson- In primary Long and None lor2in — | Preserved as | Directly All parts of 
Rh a) | branch only | uniformly zooecium, molds under zoarium 
ulrichi, n. sp. slender widely per- megantho- | collected 
forated pores 


New morphologic term torus (plural tori) 
is introduced for description of ornamentai 
swellings that are not elevated parts of 
acanthopores or megacanthopores, though 
are comparable in size with the latter. 
Prominent rounded elevations occur regu- 
larly just under megacanthopores in Rhab- 
domeson (Rhombopora) ulrichi, n. sp. and 
hence appear to have some relation to them, 
but their biologic meaning is obscure. 

For holotypes of each of the three new 
species the proximal parts of the zoaria are 
selected, where rhabdomesontid or axial 
tube-bearing branches are combined with 
rhomboporid or tube-less branches. 

For purpose of better comparison the 
principal data on the three described species 
are entered in Table 4. 


RHABDOMESON (RHOMBOPORA) ROGERSI 
Elias, n. sp. 
Pl. 50, fig. 12-16 


The single specimen and holotype is a 
basal part of zoarium, consisting of a pri- 
mary straight branch .7 mm. thick and 4 
mm. long, that has an axial tube, and a tube- 
less secondary straight branch .6 mm. thick 
and 3 mm. long arising at 90° at the short 
bulbose end of the primary branch. At this 
end the zooecia radiate from the blunt end 
of .4 mm. thick axial tube. In the long side 
of the primary branch the immature parts 
of the zooecia are short and sub-rectangular 
in cross-section and adpressed to the axial 
tube; they make 90° turn to enter the cor- 
tical region, which is about .15 mm. thick. 
Distinct superior hemiseptum is well devel- 
oped at this turn. Single megacanthapore 
usually occurs at the angles of intersections 


of diagonal rows of intermediate spaces, 
but at some places a crowd of many mega- 
cathopores takes the place of an aperture. 

In the secondary branch the zooecia at 
first are thick and rise at about 30° angle 
from the geometrical axis; and grow wider, 
as they curve very gently outward. They 
are angular in cross-section, have a thin 
inferior hemiseptum directed at about 45° 
outward, and a more prominent superior 
hemiseptum where they enter the cortical 
region. Axial or immature region occupies 
about 3 of outer diameter of the branch. 
Apertures elliptical with longer diameter 
along axis, about half the size of their own 
diameter apart, sub-regularly arranged in 
diagonal and longitudinal rows, with 4 
apertures per 1 mm. both longitudinally 
and diagonally. 1 to 2 megacanthopores at 
each angle of intersections of the rows, 
tending to line longitudinally. 


RHABDOMESON (RHOMBOPORA) FOERSTEI 
Elias, n. sp. 
Pl. 47, fig. 15; Pl. 49, fig. 18; Pl. 50, 
fig. 1-7 


Two proximal parts and many distal 
parts of zoaria recovered. The specimen 
illustrated on PI. 49, fig. 17, is selected for 
holotype. In this a slightly curving primary 
branch has an axial tube in proximal part, 
but none in distal part, while its outer 
diameter remains .6 mm. unchanged. A 
secondary branch, that has no axial tube, 
diverges at about 60° from the proximal 
part of the primary branch. Zooecia are 
invariably short, transversely angular, and 
uniformly wide, except at the very incep- 
tion, where their bases are angularly conical. 
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The second proximal specimen of a zoar- 
ium has a 2 mm. long primary branch with 
.2 mm. wide axial tube, from which zooecia 
diverge toward its both ends. Secondary 
tube-less branch, .7 mm. wide, rises perpen- 
dicular to primary branch at its swollen 
center, and at a distance of 3 mm. from it, 
bifurcates at about 60°. At this point a 
bulbous, 1.2 mm. wide body diverges also, 
apparently an ovicell. At variable distance 
of 1 to 2 mm. from this body the zooecia 
are three to five times thinner than normal 
(and the spaces between them correspond- 
ingly wider) so that they could be hardly 
occupied by polypides. This phenomenon 
could be the result of the development of 
the large ovicell. The surface between the 
apertures is shagreened and ornamented by 
sporadically developed nodes. 

Distal parts and discussion. Distal parts 
are not substantially different from proxi- 
mal parts, except by the absence of axial 
tube. Megacanthopores may be assumed to 
exist, as there are prominent nodes or tori 
arranged in the same position at the inter- 
sections of the diagonal interspaces, as the 
tori and megacanthopores in R. (R.). 
ulrichi; but no molds of tubular megacan- 
thopores are observed, contrary to the com- 
mon occurrence of such in all specimens of 
R. (R.) ulrichi. 

Distal parts of the species are slightly less 
common than R. (R.) ulrichi. The two 
species are similar externally in size, usually 
have diagonally arranged rows of longitudi- 
nally elongated oval apertures, and longitu- 
dinally paired would-be megacanthopores. 
However, R. (R.) foerstet has shorter and 
wider zooecia with less abrupt change in 
diameter and in orientation of the immature 
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and mature parts. The inner or immature 
part of the zooecia is straight and inclined 
only about 45° to the axis, and the diameter 
expands outward very gradually. The outer 
or mature part of the zooecia makes sharp 
angle with the immature part and is strictly 
perpendicular to the surface. Zooecia are 
slightly constricted in the middle of their 
outer (mature) part. 


RHABDOMESON (RHOMBOPORA) ULRICHI 
Elias, n. sp. 

Pl. 42, fig. 10; Pl. 49, fig. 16, 17; Pl. 50, 
fig. 8-11. 


The only recovered proximal part illus- 
trated in Pl. 47, fig. 13, 14 is designated 
holotype. It consists of a primary branch 
5 mm. long and about .8 mm. wide more 
than half of which contains .2 mm. wide 
axial tube. Tube-less secondary branch, with 
only its base preserved, rises from a swollen 
middle part of the primary branch. Zooecia 
inclined about 45° to the axial tube, diverg- 
ing from about the middle of the primary 
branch toward both its ends. General char- 
acter and arrangment of zooecia is the same 
throughout zoaria and is described below. 

Slender, occasionally (at longer than 10 
mm. intervals) bifurcating branches .8 to 1 
mm. in diameter, covered with longitudi- 
nally elongated oval apertures the width of 
their own diameter apart and usually ar- 
ranged in intersecting diagonal rows. The 
surface between the apertures is ornamented 
by two kinds of nodes: the larger nodes or 
tori with the tubes of megacanthopores at 
their upper edge, spaced nearly regular, 
occasionally combining in pairs which fall 
in line with the apertures above and below 
them; but about as frequently only one 


EXPLANATION OF PLATE 45 


Fic. 1—Fenestella cumingst Condra & Elias, in part internal mold of zooecial chambers viewed from 
reverse, and in part external mold of obverse; and Turrilepas, n. sp. (in lower right corner, 


marked a), X10. 


2—Fenestella serratula Ulrich. External mold of the obverse of central and lateral part of a mature 
zoarium with conspicuously developed carinal nodes, X 10. 

3—Fenestella cf. F. chesterensis Condra & Elias. External mold of the obverse, X10. 

4,5—Polypora debilis, n. sp. 4, Holotype, external mold of the obverse, with a few internal molds of 
the zooecial chambers attached (in the right upper corner), X10. 5, Smaller fragment, ex- 


ternal mold of the obverse, X10. 


6,7—Cross-section of branch, X20; and lateral view of internal mold of zooecial chamber, with 
two geniculate pores on reverse (dorsal) side, X30. 
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node (and acanthopore) occurs between 
the neighboring aperatures; the smaller 
nodes are more numerous and are scattered 
without noticeable regularity. From 3 to 5 
apertures may be counted longitudinally, 
while their number in the regular diagonal 
rows is more stable, 5 to 53 per 1 mm. 
About 20 rows of apertures can be counted 
around 1 mm. diameter branches. Internally 
the immature portion of zooecial tubes in 
the axial region is clearly differentiated 
from that in mature or cortical zone by a 
sharp change of diameter and of direction of 
the zooecial tubes, from sub-longitudinal in 
the axial region to transverse in the cortical 
zone. A few widely spaced and centrally 
perforated transverse diaphragms traverse 
the slender immature parts of the zooecial 
tubes. The cortical zone is about .1 mm. 
thick, and the long diameter of the tubes in 
it and at their apertures is also .1 mm. 

Most characteristic for the species are 
longitudinally paired nodes (acanthopores) 
and sharp differentiation of the cortical 
zone. 


Genus STREBLOTRYPA (ex Ulrich) Vine 


An occurrence of a bryozoan externally 
indistinguishable from Strebloirypa nicklest 
but internally like Rhabdomescn poses a 
problem. Its occurrence with abundant 
Streblotrypa nicklesi is highly suggestive of 
close relationship. The axial tube containing 
the form could be considered to branch out 
phyletically from the ordinary tube-less S. 
nicklest, axial tube considered an innova- 
tion. However, the example of Rhabdomeson 
here discussed is indicative of axial tube to 
be comparatively primitive, and its occur- 
rence in some specimens with an exterior 
of Streblotrypa nicklesi may be interpreted 
as recurrence of an ancestral feature. In 


405 


order to verify this hypothesis an attempt 
was made to find the axial tube in some 
specimens of the earliest S. nicklesi, such as 
occurring in the Menard of Sloans Valley, 
Kentucky. Indeed, in one out of six thin 
sections prepared a fairly thick and straight 
axial tube was found. 

If the occasional presence of an axial 
tube in S. nicklest be considered an ancestral 
feature, its evolution from Rhabdomeson 
may be contemplated. However, perhaps it 
could have diverged from the Devonian 
Cheilctrypa ostiolata (Hall) originally placed 
in Trematopora. Ulrich’s thin sections of this 
species (1884 pl. 3. fig. 7,7a) show thin and 
only slightly variable in diameter ‘axial 
tube,’’ and according to Hall the apertures 
in the species have raised peristome, but no 
lunaria. As discussed under Cheilotrypa its 
evolution was toward a larger and more 
variable axial tube, while Streblotrypa could 
represent a parallel evolutionary trend from 
C. ostiolata, with axial tube gradually re- 
duced and eliminated. 


STREBLOTRYPA NICKLESI Ulrich 
Pl. 49, fig. 11-15 
Streblotrypa nicklesi, ULR1cH 1884, (Manuscript) 

VINE, 1884, Proc. Yorkshire Geol. Polyt. Soc., 

vol. 8, p. 107, pl. 21, fig. 4,5 (Lower Carb. of 

England). Utricn, 1890, Ill. Geol. Surv.; vol. 

8, p. 403,667-668; pl. 66, fig. 9-9c. NICKLEs & 

Basser, 1900, U. S. Geol. Surv. Bull. no. 173. 

p. 421. HERNON, 1935, Jour. Paleont., vol. 9, 

p. 677-678. 

This ramose species is well represented in 
the Redoak Hollow, and is easily recognized 
by the development of numerous pits below 
each aperature. 

In the examples from the Redoak Hollow 
the diameter of straight to somewhat un- 
dulating branches is up to .6 mm.; they 
multiply by bifurcation at about 50°. 


EXPLANATION OF PLATE 46 


Fic. 1-3—Polypora (Polyporella) ovicellata, n. sp. Larger part of the holotype, showing in part internal 
molds of the zooecial chambers viewed from the reverse, and in part the outer mold of the 


obverse. 1, X2; 2 & 3, X10. 


4-6—Thamniscus erectus, n. sp., X10. 9,5, Holotype, growing upon the reverse of Polypora 
debilis? External mold of the obverse and external mold of the reverse. 6, Internal molds of 
the zooecial chambers in a side view, and external mold of the side. 

7-9—Spiniferous “appendages” upon Fenestella serratula Ulrich. 7, Three “‘appendages”’ de- 


veloped in 


rallel position from the ends of three adjacent branches. A single ‘‘appendage”’ 


developed from the end of a branch, obverse and reverse, X10 
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Spacing of the oval to subcircular apertures 
is about 44 to 5 per 2 mm. in each row 
longitudinally. There are about 14 rows 
around a .6 mm. diameter branch. Accord- 
ing to the description by Ulrich (1890) the 
bifurcating branches of the species are about 
.5 mm. in diameter, with 12 rows of aper- 
tures around a branch, and with 6 apertures 
per 2 mm. in each row. Only one character 
mentioned by Ulrich for S. nicklest, the 
development of lower hemisepta at a dis- 
tance of .2 to .3 mm. from the apertures, 
has not been observed in the examples from 
the Redoak Hollow, but this character may 
not be constant in the species. In these 
examples the spacing of zooecial apertures 
is somewhat wider than as measured by 
Ulrich, and is the same as measured by 
Hernon in S. mtcklesi var. occidentalis 
(Hernon, 1935, p. 678). The latter differs 
from the Redoak Hollow examples in being 
much more robust, to 1.5 mm. in diameter, 
and having up to 20 ‘rows of apertures 
around the branches. 
Discussion.—Streblotrypa prisca (Gabb & 
Horn) and S. mercert Morningstar from the 
middle part of Pottsville of Ohio are similar 
species, but they differ from S. nicklesi in a 
much smaller number of pits, which are usu- 
ally arranged in only two longitudinal rows 
below each aperture, with two to three pits 
in each row. The species from the Redoak 
Hollow invariably has three rows of pits, 
with 5 to 6 pits in each row. Clearly, S. 
nicklest survived from Chester into the 
Redoak Hollow with little, if any change. 
Neither Mather nor Girty record any species 
of Streblotrypa from the Morrow, but the 
collections of the Nebraska Geological 
Survey contain S. nicklesi, S. prisca and S. 
mercerit in the upper Morrow at Ardmore 
and Chockie, Oklahoma, and S. cf. S. 
nicklesi in the Brentwood of Arkansas. 


Order FENESTRATA, Elias & Condra, n. order 
Genus FENESTELLA Lonsdale 


Because Fenestella is treated in some de- 
tail elsewhere (Condra & Elias, 1944; 
Elias, 1956; Elias & Condra, in press) it is 
sufficient to mention here that the genus is 
distinguished from Fenestrellina D’Orbigny 
by the regularity of its meshwork. That is 
the branches and dissepiments are at uni- 
form intervals in Fenestella but not so in 
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Fenestrellina, which is restricted to the 
Mississippian. 

The regularity of the meshwork jn 
Fenestella (and also in Polypora and a few 
other fenestrate genera) permits an ex. 
pression in form of mesh-work formula 
highly characteristic for a species. The 
formula was devised by Nikiforova & 
Nekhoroshev and was used by Condra & 
Elias (1944, etc.). It consists of four digits: 
first indicates number of branches per 10 
mm.; second, number of dissepiments (or 
fenestrules) per 10 mm.; third, number of 
zooecia (or their apertures) per 5 mm.; and 
fourth numbers of carinal nodes per .5 mm. 

Because of the very large number of species 
in Fenestella it is convenient to segregate 
them in groups, characterized mostly by the 
(1) degree of coarseness of meshwork (as 
expressed by meshwork formula), (2) de- 
gree of stabilization of zooecial apertures in 
relation to dissepiments, (3) outline of 
zooecial chamber, besides other characters. 

Nine out of eleven species from the 
Redoak Hollow are referable to five groups 
among thirteen established by Elias & 
Condra (in press), and the remaining two 
species are segregated into a new group 
typified by Fenestella cestriensts. 


(Group of Fenestella basloensts) 
FENESTELLA EXIGUA Var. SPRINGERENSIS 
Elias, n. var. 

Pl. 42, fig. 13-15 


Several well preserved molds of this 
Fenestella were recovered from localities 
No. 1 and No. 3. They have all the charac- 
ters of a typical Upper Mississippian species, 
F. exigua Ulrich, but differ in having fewer 
fenestrules per same distance, and in having 
larger number of carinal nodes. The Redoak 
Hollow form has elongated sub-rectangular 
fenestrules, with 33 to 5 zooecia per fenes- 
trule. Branches are straight and slightly 
wider than fenestrules, with a fairly prom- 
inent carina adorned by slightly elongated 
nodes, which are arranged in one row. 
Dissepiments are about } to # as wide as 
branches, slightly depressed on obverse and 
reverse, distinctly longitudinally grooved 
on obverse. Branches and _ dissepiment 
smooth on reverse, with scattered very small 
pimples which are tending to be arranged in 
longitudinal rows. Apertures round to 


slightly oval, with sharply outlined and 
elevated peristomes. The surface between 
peristomes, as wide as apertures, sharply 
longitudinally grooved. Opercula occasion- 
ally preserved, located slightly below 
(inside) peristome, distinctly upwardly con- 
vex and with small circular depression, 
usually at or near its center. Zooecial 
chambers pentagonal in outline, seldom 
tending to become triangular below the 
points of bifurcations, where also one or two 
zooecia are added to form the third row. 

Very faint longitudinal grooves on the 
surface of bases of zooecial molds. 

Meshwork formula: 19-20/12-13//23- 
24/18 (meshwork of F. exigua from the 
Warsaw: 20-21/13-14//22-23/12-13/.) 

Discussion.—In their review of F. exigua 
and description of its possible successor, 
F. tetratheca from the Oquirrh formation 
(Pennsylvanian of Utah) Condra & Elias 
(1944, p. 133) expressed anticipation “‘that 
a variety of F. exigua probably will be 
found in the Chester, with features inter- 
mediate between those observed in F. exigua 
from the Salem and those in F. tetratheca 
from the Oquirrh.”” Such variety is now 
being found in the Redoak Hollow and 
possibly will be found also in other beds of 
Chester age. 


FENESTELLA MORROWENSIS Mather 
Pl. 44, fig. 5 
Fenestella morrowensis MATHER 1915, Denison 

Univ. Bull. Sci. Lab., vol. 18, p. 115, pl. 4, fig. 

11, 1la. 

The species was originally described by 
Mather on abundant material from the Hale 
formation and Brentwood limestone of the 
Upper Morrow of western Arkansas, and 
from beds of the same age in eastern Okla- 
homa. It is abundant in the Redoak Hollow 
at localities 1, 3 and 4. 

Thanks to the courtesy of Dr. Mather 
his types have been reexamined, so as to 
determine the internal structure of the 
species established by him on external fea- 
tures only. The re-examination yielded the 
following additional data for F. morrowensts: 
carina carries stout round nodes, about 10 
per 5 mm., and between these larger nodes 
there appear occasionally smaller nodes, 
usually one between each two larger nodes. 
Mather’s description of the ‘small. elon- 
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gated nodes... at intervals of about .5 
mm.” apparently refers to the larger nodes 
of the present description. Outline of zooe- 
cial chamber is pentagonal. 

The specimens from the Redoak Hollow 
are in fair agreement with Mather’s species, 
but display certain variability of measure- 
ments, which may be expressed in the fol- 
lowing summarized formula. 

Meshwork formula: 15-20/10-12.5//18- 
24/6-15, with 3} to 4 zooecia per fenestrule. 
(Remeasured formula of the holotype: 15- 
17/11-11.5//18, with 33 zooecia per fenes- 
trule). 

Outline of zooecial chamber pentagonal 
to nearly triangular. Reverse is coarsely 
grooved, and ridges between the grooves 
finely serrated. Dissepiments flush with 
branches on reverse where they are faintly 
grooved, and somewhat depressed on ob- 
verse where they are wider and coarsely 
grooved. Sides of branches and the short 
spaces between the apertures are also 
longitudinally grooved. Apertures are 
round to somewhat oval, with prominent 
peristome, spaced in average } of their 
diameter part. 


FENESTELLA OVATIPORA Elias, n. sp. 
Pl. 44, fig. 7 


Two fragments, apparently belonging to 
the same zoarium, have been recovered in 
close proximity to each other, and judging 
by the moderate rate of bifurcation of the 
branches they seem to belong in the mature 
part of a fan-shaped growth form. 

In spite of their large size the apertures 
are wholly confined within the moderately 
broad (about 4 mm.) branches, which are 
about 1} as wide as the fenestrules. Very 
low and narrow peristomes practically 
flush with the highly inclined slopes of the 
dome-like obverse of the branches, so that 
the apertures face fenestrules at an angle 
of about 45°. Carina rises prominently above 
the slopes and the apertures, and is about .1 
mm. wide. Carinal nodes are stout but low, 
usually spaced as widely as the dissepiments 
or at a slightly less distance, frequently 
occurring opposite the dissepiments. Dis- 
sepiments are short, coarsely striated on 
both observe and reverse, much below the 
carina on obverse, flush with the branches 
on reverse. Reverse of branches distinctly 
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grooved, the rounded ridges between the 
grooves gently tuberculate. Fenestrules 
narrowly rectangular. 

Zooecial chamber pentagonal at the base, 
its basal posterior slightly overlapping the 
anterior of the chamber behind it; under this 
overlap the frontal wall of the latter cham- 
ber curves antero-laterally and forms the 
front of the short and wide vestibulum. 
There is no trace of either lower or upper 
hemisepta. Branches expand before each 
sharp-angled bifurcation, and below each 
point of bifurcation a few additional cham- 
bers are added for a distance nearly as long 
as a fenestrule. This produces three and four 
rows of chambers and apertures just below 
each bifurcation. The branches above the 
points of bifurcations are narrower than 
their normal width. 

Meshwork formula: 18-19/10-10/5//18- 
19/5-8. 

Discussion.—F. ovatipora has a slightly 
coarser meshwork than that in F. morrow- 
ensis: 16-18/10.5-11//18-23/6-15. F. ovati- 
pora differs from the latter by the unusually 
large and oval apertures and more promi- 
nent carina with fewer nodes. There seem 
to be no other species of Fenestella with 
apertures so large and oval so that no in- 
tervals of the surface are left between them 
on the obverse. Only the apertures of 
Drymotrypa cisseis (Hall) from the Lower 
Helderberg (basal Devonian) of New York 
are reminiscent of those in Fenestella ovati- 
pora. 


FENESTELLA cf. F. FRUTEX M’Coy 
Pl. 43, fig. 12 
Fenestella frutex M’coy, 1844, Synopsis . . . Car- 

boniferous Limestone fossils of Ireland; p. 

201; pl. 28, fig. 10. 

Because of available British material 
which is identifiable with Fenestella frutex 
M’Coy, this species can be compared to two 
small fragments collected. It has a con- 
spicuously trapezoid shaped zooecial cham- 
ber, a feature generally characteristic for 
much later Carboniferous and Permian 
fenestellids, but which is observable on the 
British material at hand. This is not pre- 
viously known for this species. 

Rapidly spreading branching indicates 
proximal position of the fragment in a 
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zoarium that could have been as small as 
M’Coy’s zoarium from Ireland. 

Branches slightly narrower than fenes- 
trules; carina wide and prominent, with 
hardly noticeable elevations, and which 
are somewhat less numerous than aper- 
tures. Apertures average 3 per fenestrule: 
little variation of this number. Dissepi- 
ments much below level of carina. 

Meshwork formula-22/15//22-23/19-20, 

Discussion.—These dimensions are com- 
parable to those of F. paradisensis, but 
shape of zooecial chamber and profile of 
branches are strikingly different in the two 
species. F. frutex could have evolved from 
F. exigua Ulrich from the Warsaw (Ulrich, 
1890, p. 545, pl. 51, fig. 1,1a) and the Sper- 
gen (Cumings, 1906, p. 1278, pl. 28, fig. 
3,3a), which differ in having fewer (12 to 
14) fenestrules per 10 mm., and no tendency 
toward stabilization of apertures within 
them. 

The British representatives of F. frutex 
under study have somewhat smaller num- 
ber of zooecia per 5 mm., from 18 to 21, 
and number of fenestrules per 10 mm., 13} 
to 15. A slab with this species comes from 
High Blantyre, Scotland, and according to 
Dr. Currie (communication of 1952) belongs 
to the Mid and Main Hosie limestone at the 
top of the Lower Limestone Group, now 
placed by her at the base of the lower Na- 
murian (E;), or possibly at the top of the up- 
per Viséan (P2). In another slab from this 
same Scottish locality is a good example of 
American species Fenestella serratula Ulrich, 
with meshwork 25-28/20-23//25-27/22-23 
similar to that in F. serratula from the War- 
saw, as described by Condra & Elias (1944, 
p. 72-74; pl. 13, fig. 6-8). 


(Group of Fenestella veneris) 
FENESTELLA cf, F, CHESTERENSIS Condra 
& Elias 
Pl. 43, fig. 6; Pl. 45, fig. 3 
Fenestella multispinosa var. chesterensis CONDRA & 


Extras 1944, Geol. Soc. Amer. Spec. Pap. No. 
53, p. 110-112; pl. 35, fig. 1-4. 


The form from the Redoak Hollow is 
closely related to F. stocktonensis of the 
Des Moines and F. multispinosa vat. 
chesterensis of the Chester, but is closer to 
the latter in the number of fenestrules, and 


also in the larger width of the branches. The 
apertures are located entirely within them, 
without protruding into the fenestrules. In 
F. stocktonensis, on the other hand, the 
apertures protrude into the fenestrules. The 
form from the Redoak Hollow differs from 
both discussed forms in having slightly lar- 
ger number of zooecia per fenestrule and 
fewer fenestrules per given space, and the 
well developed carina carries prominent 
nodes. It has a pentagonal-shaped zooecial 
chamber, and its branches are wider than 
fenestrules as in chesterensts. 

Meshwork formula (based on four frag- 
mentary specimens): 15-20/12.5-15//20- 
25/14-20; with 3 to 4 zooecia per fenestrule. 


(Group of Fenestella retiformis) 
FENESTELLA SERRATULA Ulrich 
Pl. 45, Fig. 2; Pl. 46, Fig. 7-9; Pl. 48, 
Fig. 1 

Fenestella serratula ULRIcH 1890 [part], Ill. Geol. 

Surv., vol. 8, p. 544-545, pl. 50, fig. 5—5Sc. 

1906 [part], Ind. Dept. Geol. Nat. 

Res., 30th Ann. Rept., p. 1280, pl. 30, fig. 2-2c 

only. Conpra & ELIAS, 1944, Geol. Soc. Amer. 

Spec. Pap. No. 53, p. "72-16, pi. 13, fig. 6-8; 

OL 21, fi. 4,5; pl. 36, fig. 3. 

The specimen from localities 1 and 3 are 
typical (Warsaw) examples of F. serratula. 

The details observable in the form from 
the Redoak Hollow and of value are as 
follows: apertures are circular, with well 
elevated perisome and occasionally pre- 
served opercula, which are gently convex 
upwardly and are marked by small central 
depression. Spaces between apertures are 
smaller than their diameter and are occa- 
sionally faintly longitudinally grooved. 
Dissepiments are only slightly depressed on 
obverse and reverse, sharply grooved lon- 
gitudinally on obverse and slightly grooved 
on reverse. Branches are also slightly 
grooved on reverse, with faint tubercles 
along the crests between the grooves. Out- 
line of zooecial chamber pentagonal, and 
there are faint longitudinal grooves on the 
surface of the base of the zooecial molds. 

Bifurcation of branches abrupt, and no 
third row of zooecia added below the points 
of bifurcation. 

Meshwork formula: 24-27/21-24//27- 
28/26-28, with 23 to 22 zooecia per fene- 
strule. 
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FENESTELLA CUMINGSI Condra & Elias 
Pl. 43, fig. 3-5; Pl. 44, fig. 2; Pl. 45, 
fig. 1; Pl. 49, fig. 2 
Fenestella cumingst CONDRA & E.tas, 1944, Geol. 
Soc. Amer., Spec. Paper No. 53, p. 103-104, 

pl. 10, fig. 46; pl. 21, fig. 6; table 83. 

The largest and best preserved specimen 
of F. cumingst 10 mm. long and 8 mm. wide 
was recovered from the material collected 
at locality 4, and in contrast with other 
specimens of bryozoa from the same local- 
ity, has most of its calcareous shell pre- 
served. Its finest structural details are best 
observed on their impressions in form of 
external and internal molds. The specimen 
is a rapidly expanding initial part of a some- 
what curved fan-shaped zoarium; obverse 
is slightly concave. Branches are as wide 
as fenestrules, dissepiments 4 to } as wide 
as branches, depressed on obverse and re- 
verse, and faintly grooved. Reverse of 
branches with more distinct, narrow 
grooves. Dome-shaped obverse of branches 
with low and narrow carina at top, orna- 
mented with moderately prominent nodes, 
and with large circular to slightly oval 
apertures on each flank of a dome. Aper- 
tures with prominent peristomes, spaced 
slightly less than their diameter apart. 
Outline of zooecial chamber pentagonal. 

The most important of the several frag- 
ments of zoaria recovered from the Redoak 
Hollow is that (Pl. 11, fig. 2) which serves 
as base of the two paired screws of Archi- 
medes meekanoides. The part of the zoarium 
supporting the pair of Archimedes shafts is 
about 10 mm. long and 9 mm. wide, and is 
broadly curved backwards, so that the 
basal parts of the ascending Archimedes 
shafts are gradually rising in front of its 
lateral edges. 

The development of the two shafts of 
Archimedes causes some deflection of the 
coarse striae of the reverse of the Fenestella 
toward its left and right edges correspond- 
ingly, but does not affect the spacing of the 
elements of its meshwork. A peculiar swell- 
ing and fusing of some zoecial chambers 
into longer units (pl. 49, fig. 2a) apparently 
has something to do with the development 
of the sturdy Archimedes shafts and zoarial 
coiling around them. 

The branches of the meshwork are occa- 
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sionally symmetrically bifurcating, as they 
spread out moderately thus indicating an 
early mature part of a fan-shaped zoarium. 
The chamber is pentagonal and there are 
24 to 22 zooecia per fenestrule. 

Meshwork formula: 20/15-16//21/14. 
Measurement of other fragments gave the 
following formula: 17-22/16-19//21-25/17- 
20. 

Discussion.—The meshwork in the Red- 
oak Hollow specimens is only in part within 
the variability of the type of F. cumingst 
Condra & Elias from the Chester, which is 
16—25/16-20//22-25/25-26, showing a 
somewhat coarser meshwork, and especially 
much more distant distribution of the 
carinal nodes. The meshwork of F. cumingst 
from the Redoak Hollow is nearer to that 
of this species that come from the upper 
Des Moines at Stockton, Utah and on which 
Condra & Elias measured the following 
formula: 17-21/14-17//22-25/13-15. This 
indicates a still coarser zoarium than that 
from the Redoak Hollow. 


(Group of Fenestella mimica) 
FENESTELLA TENAX Ulrich 
Pl. 44, fig. 1; Pl. 48, fig. 6 
Fenestella tenax, ULricH 1890, Ill. Geol. Surv., 
vol. 8, p. 546-547; pl. 61, fig. 2a—-2c (not fig. 

2d, var. from Chester). ConprA & Extras, 1944, 

Geol. Soc. Amer. Spec. Pap. No. 53, p. 99-102; 

pl. 21, fig. 1-3. 

The largest fragment of zoarium (from 
locality 4) is considerably curved, the upper 
part turning to a plane about 90° different 
from the lower part, the curvature being 
convex on the obverse. Within this zoarium 
there is also a sharp change in the direction 
of the branches, all branches on the right 
side of the fragment turning abruptly at 
about 45° to 60° from the general direction 
of the subparallel branches on the left side 
of the fragment. . 

Other features of the form from the Red- 
oak Hollow are typical for F. tenax. 
Branches average about as wide to wider 
than fenestrules; zooecia number about two 
per fenestrule but their position in relation 
to the dissepiments is not stablized. Carinal 
nodes inconspicuous and the number vari- 
able, tending to be about the same as the 
number of zooecia; outline of zooecial cham- 
ber triangular to pentagonal. 
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The following are the measurements of the 
meshwork: 


F. tenax, locality 1: 
28-29/27//30/30 

F. tenax, locality 4: 
27-30/25-30//25-30/25-30 


Discussion—The study of variability 
within the meshwork of several zoaria from 
the Warsaw and the Chester of Illinois and 
the Oquirrh of Utah, enabled Condra & 
Elias to restrict Ulrich’s species to the 
zoaria with meshwork as follows: 


F. tenax from Oquirrh: 
24-35 /28-29//29-30/20-30 

F. tenax from Chester: 
24-35 /25-30//25-31/27-38 

F. tenax from Warsaw: 
28-30/28-29//28-29/30-31 


By comparison with the formulas estab- 
lished for this species by Condra & Elias, the 
zoaria from the Redcak Hollow are nearest 
to those from the Chester. F. tenax changed 
but little through considerable stretch of 
geological time, its zoarium remaining 
widely variable as the formulas just quoted 
indicate. Hence this species of Fenestella 
is of but moderate stratigraphic use. 


(Group of Fenestella spinulosa) 
FENESTELLA RARA Elias, n. sp. 
Pl. 48, fig. 5 


The type is a fragment of the basal part 
of zoarium, 3 mm. long and 2 mm. wide. 
It apparently represents one side of its 
basal part, with five successive subparallel 
lateral branches given off of a central branch 
at about 50°-60°. Bifurcation of branches 
is frequent. A straight slender spiniferous 
branch grows from the lowest lateral branch 
downwards at 90° to the branch and in the 
plane of the zoarium. F. rara has branches 
with a single row of sharp, well developed 
nodes, which are connected by a very thin 
and low carina. Dissepiments are narrow, 
depressed on obverse and reverse, and orna- 
mented by a few longitudinal grooves. 
Every other zooecial aperature is located at 
the base of a dissepiment or very near it. 
Outline of zooecial chamber is_ sharply 
triangular to trapezoidal. 

Meshwork formula: 23-28/22-23//22- 
23/abt. 25. 


he 


Discussion.—Among the multitude of 
known Carboniferous species of Fenestella 
there are very few that have zoaria with 
delicate branches which measure only half 
the width of fenestrules or less, and only 
one among these, F. perminuta Ulrich, 
which contains two zooecia per fenestrule, is 
thus comparable to the new species F. rara 
from the Redoak Hollow. F. rara has much 
smaller meshwork, though its branches are 
slightly wider than those in F. perminuta, 
so that, unlike the conditions in the latter 
species, its zooecial apertures do not project 
into the fenestrules. 


(Group of Fenestella cestriensis) 


This new group is characterized by the 
presence of inferior hemiseptum that di- 
vides the zooecial chamber transversely 
into sub-equal halves. Other characters are 
as in F. venerts group: parallelogram-like to 
subpentagonal outline of chamber, long 
fenestrules with 3 to 5 zooecia per fenes- 
trule, and addition of third row of zooecia 
below points of bifurcation. 


FENESTELLA CESTRIENSIS Ulrich 
Pl. 48, fig. 2,3 
Fenestella cestriensis ULRIcH, 1890, III. Geol. 

Surv., vol. 8, p. 547, pl. 61, fig. 5-5b. NICKLES 

& BassLer, 1900, U. S. Geol. Surv. Bull. 173, 

p. 248. 

One large and two smaller fragments of 
the species have been recovered from the 
same slab and in close proximity to each 
other. In all of them, the branches bifurcate 
frequently and diverge rapidly, the zoarium 
being a nearly flat fan-shaped growth form. 
Judging by the largest fragment, its size 
was more than 1 cm. long and about equally 
wide. 

Fenestrules are elongated, sub-rectangu- 
lar to sub-elliptical and wider than the 
branches which gives diffuse appearance 
to the zoarium, even though the branches 
are not very narrow (about .3 mm. wide). 
Inferior hemiseptum cuts across each zooe- 
cial chamber closer to the distal than to the 
proximal end, and, in many chambers, it 
is very close to the distal end. This feature 
places the species in the same group with 
Fenestella paradisensis, whose zooecial 
chamber has the same kind of hemiseptum. 
Outline of zooecial chamber is somewhat 
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variable, from parallelogram-like, with its 
long sides parallel to the branch, and the 
short sides inclined distad from the central 
axis of the branch—to pentagonal, when the 
inner long side of parallelogram becomes 
angular through development of a fifth, 
very wide angle. Reverse of the branches 
is gently, longitudinally grooved. Elliptical 
shape of the fenestrules is caused by the 
combination of the frequent bifurcation 
and slight lateral undulation of the branches 
which results also in. comparatively short 
dissepiments. Dissepiments are flush with 
branches and about as wide, and are orna- 
mented by a narrow but distinct medial 
carina. Obverse of branches is smooth, with 
poorly developed carina, but with quite 
distinct, though low nodes. Apertures are 
large, circular, less than the width of their 
diameter apart, with sharply elevated but 
very narrow rim, and gently concave oper- 
cula. Reverse of branches coarsely grooved; 
dissepiment on reverse less coarsely grooved, 
and with a narrow carina in the middle. 

At a distance of a space equal to about 
two zooecia below each bifurcation, the 
branches increase their width rapidly by 
development of third and fourth rows of 
zooecia. The additional two rows are added 
laterally, to the left in the left half of the 
symmetrical zoarium, and to the right in 
its right half. Toward the lateral edges of 
the zoarium, the bifurcation of branches 
becomes more lateral, resembling very 
closely the type of bifurcation in Septopora 
rather than that in typical Fenestella. 

Meshwork formula: 15/9//20-21/abt. 
18, with 44 to 5 zooecia per fenestrule. In 
the basal part of the zoarium, where the two 
smaller fragments apparently belong, it is 
slightly more variable: 15-18/8-10//20- 
22/12-14, with 4 to 5 zooecia per fenestrule. 
The formula of the original material de- 
scribed by Ulrich is 17-20/10//21-22/?. 

Discussion—F. cestriensis can be dif- 
ferentiated from the other species that 
possess hemisepta. It differs from F. para- 
disensis by its much coarser meshwork and 
larger number of apertures per fenestrule. 
Fenestella inaequalis Ulrich, which comes 
from the Pennsylvanian of Sangamon 
County, Illinois, resembles F. cestriensts 
greatly in having similar variability of 
fenestrules and about same meshwork 
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formula. However, F. cestriensis differs in 
having much larger and more distantly 
spaced carinal nodes. In F. inaequalis the 
nodes are very small and densely spaced, 
about 5 nodes per 1 mm. F. cestriensis has 
wider dissepiments, and these are carinate. 
In F. inaequalis the dissepiments average 
only 3 the width of the branches and are 
said to be rounded. Internally the zooecial 
chamber of F. inaequalis has more distinctly 
pentagonal outline of zooecial chamber 
(Ulrich, 1890, pl. 54, figs. 4,4a). F. tnaequalis 
has similar addition of third and fourth 
rows of the zooecia below bifurcation. 

Phylogenetically, F. cestriensis seems to 
have been evolved from a common stock 
with F. paradisensis, and eventually gave 
rise to the Pennsylvanian species F. in- 
aequalis. The evolutionary trend, as re- 
flected by the measurements of the dis- 
cussed species of Fenestella, is toward more 
distant spacing of zooecia in more advanced 
F. inaequalis, while the number of carinal 
nodes becomes greatly increased. The re- 
verse of the zoarium also has changed from 
being smooth with few large scattered nodes 
in F. cestriensis, to a condition covered with 
grooves, the crests between them being 
serrate in F. inaequalis. 


FENESTELLA PARADISENSIS Condra & Elias 
Pl. 43, fig. 9 
Fenestella paradisensis ConpRA & E tas, 1944, 
Geol. Soc. Amer. Spec. Pap. No. 53, p. 107-108, 
pl. 22, fig. 3,4. 
Fenestella paradisensis was established 
by Condra & Elias on only one fragment 
whose obverse is firmly embedded in sandy 
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limestone, thus rendering study of its details 
practically impossible. The material from 
the Redoak Hollow, which can be safely 
referred to this species, is not very rare, and 
fine preservation of its molds permits con- 
venient observation in detail of reverse, 
obverse, and of the internal structure. Two’ 
fragments from locality No. 1 correspond 
well to the holotype in both internal struc- 
ture and meshwork formula, while other 
specimens are sufficiently distinct to be 
differentiated as a new variety ardmorensis, 

The two fragments of typical F. para- 
disensts furnish accurate information about 
the obverse of this species for the first time, 
and these new data seem in harmony with 
what can be dimly discerned in the one 
immersed in the sand obverse of the holo- 
type. In the obverse from the Redoak 
Hollow there is no clearly defined carina, 
and its position is indicated by a single row 
of nodes, which are variable in size and 
spacing. They vary from small to fairly 
prominent, and are spaced at distances 
from slightly larger than that between 
zooecial apertures, to about twice that 
amount. Apertures are circular, with fairly 
prominent peristomes, slightly more than 
the width of their diameter apart. Outline 
of zooecial chamber sub-rectangular, with 
somewhat inclined transverse walls, and 
with slight tendency toward a pentagonal 
shape. In one fragment the lower hemisep- 
tum divides the chambers into nearly equal 
halves, just as in the most typical portion 
of the holotype from the Paradise formation. 
In a few of these chambers there can be 
detected a second, smaller hemiseptum, that 


EXPLANATION OF PLATE 47 


Fic. 1-5—Archimedes pitkinensis, n. sp. 1,2, Holotype from Pitkin limestone broken into lower and 
upper halves, X1. 3, Expanse of the lowermost volution of holotype, X10. 4,5, External 
mold from Redoak Hollow, X3; and molds of its flange, X10. 

6,7—Archimedes ardmorensis, n. sp. 6, Holotype from Kinkaid limestone, 2 mi. east of Lickcreek, 


Illinois, X2. 7, Lower part of its expanse, X20. 
8-10—A rchimedes rigidus, n. sp. 8,9, Holotype and coty 
Chester, Illinois, X2; and its expanse, X20. 10, 


Chester, Illinois, <2. 


from Clore limestone, 2 mi. south of 
otype, Clore limestone, 2 mi. south of 


11,12—Archimedes pseudoswallovanus, n. sp. Holotype (mold), X2; and basal part of its expanse, 
X10, from Redoak Hollow. 

13,14—Rhabdomeson (Rhombopora) rogersi, n. sp. Holotype from Redoak Hollow, X10 and X20. 

15—Rhabdomeson (Rhombopora) foerstei, n. sp. Cotype (mold) from Redoak Hollow, with partly 
preserved calcareous axial tube, X20. 

16—Rhabdomeson (Rhombopora) ulrichi, n. sp. Cotype (mold) from Redoak Hollow, with partly 
preserved calcareous cortical region, X20. 


PLATE 47 
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cuts off a very small triangle from the outer 
posterior sharp angle of a chamber. In an- 
other fragment, a single lower hemisptum 
is located very near the posterior end of the 
chamber and is parallel to it. The same kind 
of position and orientation of lower hemi- 
septum is noticeable in the right end of the 
enlarged photograph of the holotype 
(Condra & Elias, 1944, pl. 22, fig. 4). Surface 
between zooecial apertures smooth. Dis- 
sepiments flush with the branches on ob- 
verse, and are coarsely grooved. The reverse 
of branches is also coarsely grooved, and 
the crests of the folds between the grooves 
are tuberculate. Dissepiments are flush with 
the branches on the reverse, and faintly 
grooved. 

Meshwork formula of the three fragments 
is correspondingly 15-17/14-14.5//21-23/ 
15-16, 16/15//22-23/15, and 20/14//20/14, 
with 3 to 3} zooecia per fenestrule. 


FENESTELLA PARADISENSIS var. 


ARDMORENSIS Elias, n. var. 
Pl, 44, fig. 3 


By ardmorensis is designated a new vari- 
ety of F. paradisensis, which is distinguished 


from the typical species by larger fenestrules, 
with 2} to 4 zooecia per fenestrule, and the 


reverse being differently ornamented; 
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roughly tuberculate with smooth surface 
between the tubercles. The variety has been 
collected from locality No. 3. 

Meshwork formula: 18-19/12-13.5//20- 
22/12-15. 

Discussion—There are very few species 
of Fenestella that have lower hemisepta, 
hence its presence is very characteristic of a 
species. The nearest to F. paradisensis and 
its variety ardmorensis is F. inaequalis 
Ulrich from the upper Coal Measures of 
Illinois (Ulrich, 1890, p. 554, pl. 52, fig. 
9,9a and pl. 54, fig. 4,4a). It has a lower 
hemiseptum, not mentioned in the descrip- 
tion but shown on Ulrich’s sketch (pl. 54, 
fig. 14). Its reverse is covered by “‘granulose 
striae” and it contains about the same num- 
ber of zooecia per fenestrule, 3 to 4, as in 
var. ardmorensis, and as in F. paradisensis. 
It differs from both by fewer fenestrules and 
fewer zooecia per same space, that is by 
coarser meshwork, and also by smaller and 
more numerous nodes upon its strong carina. 
Its meshwork formula, composed from 
Ulrich’s measurement is as follows: 16-18/ 
19//18/50. 


Genus FENESTEVERTA Elias, n. gen. 


The essential features which differentiate 
Fenesteverta from other known genera, may 


EXPLANATION OF PLATE 48 


Fic. 1—Fenestella serratula Ulrich. External mold of the obverse of a central part of mature zoarium, 

with a few molds of zooecial chambers attached (near center of lower half), 10. 

2,3—Fenestella cestriensis Ulrich. 2, Internal molds of zooecial chambers viewed from the reverse, 
and external mold of the obverse (center of upper part and center of right side), X10. 3, 
External mold of the reverse of the same specimen, X 10. 

4—Polypora debilis? n. sp. Obverse of the fragment to the reverse of which Thamniscus erectus, 
n. sp., is attached X10. Peculiar sculpture of the branches and the dissepiments of this frag- 
ment suggests considerable alteration of the original structure of P. debilis, X10. 

5—Fenestella rara, n. sp. Fragmentary holotype: internal mold of zooecial chambers viewed from 
the reverse, and external mold of the obverse (lower center), 10. 

6—Fenestella tenax Ulrich. External mold of the reverse of central and lateral part of a mature 


zoarium, X10. 
7-9—Archimedes rigidus, n. sp. 7, cotype 


, from Clore limestone 2 miles SE of Chester, Illinois, 


X10. 8,9, External molds of the rigid shaft with the external molds of the obverse of the 


attached expanse, X10. 


10—Archimedes aff. A. perminimus Ulrich. External mold of the shaft and the external mold of 


the obverse of the attached expanse, X10. 


11—Archimedes cf. A. meekanus Hall. External mold of a shaft; side view, X10. 
12—Septopora cf. S. pinnata Ulrich. External mold of the obverse of the main axis, and the inner 
mold of the zooecial chambers in the lateral branch and the dissepiment (in the upper right 


corner), X10. 


13-—16—Penniretepora ardmorensis, n. sp. 13, Holotype, showing outer mold of the obverse and 
the inner molds of the zooecial chambers viewed from the reverse, X10. 14-16, Inner molds 
of the zooecial chambers viewed from the reverse. X10 and X20 (16). 
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be formulated in the following generic diag- 
nosis: 

Zoarium made of polyporid main branch 
from one side of which extend fenestellid 
branches; the whole is twisted into a heli- 
coid, with main branch winding around the 
axis of coiling, and the obverse facing out- 
ward, 

The only known species, Fenesteverta 
nicklesi serves as type-species. 

Discussion.—T he new genus is introduced 
for the single species which differs from the 
previously known Fenestrata in two re- 
spects: (1) in the arrangement of zooecia 
along its branches, and (2) in the position of 
the zooecial apertures in relation to the 
spiral twist of the zoarium. 

At a first glance the new genus looks like 
an ordinary Fenestella (with branches con- 
sisting of two rows of zooecia) whose 
zoarium became twisted in a fashion cus- 
tomary for Archimedes. However, the edge 
of the zoarium, that is nearest to the axis of 
the spiral twist, shows no encrustation by 
secondary tissue, and thus is not like the cor- 
responding spirally twisted and encrusted 
central edge in subgenus Helicopora of genus 
Archimedes. The edge in Fenesteverta, that 
became central in the twist, is also thicker 
than the rest of the zoarium, as in Heli- 
copora. This is so not because of secondary 
encrustation, but because the centralized 
edge became a branch made of four rows 
of zooecia instead of two. This is the case in 
all lateral branches that come out of it. Thus 
the zoarium in Fenesteverta consists of a main 
polyporid or a four zooecia wide branch. Out 
of one side come fenestellid or two zooecia 
wide lateral branches. Furthermore, the 
whole zoarium is twisted in a helicoid, much 
like that in Archimedes (and its subgenus 
Helicopora), except that in Fenesteverta this 
twist results in the obverse facing downward 
and away from the axis of the twist, while 
in Archimedes (and Helicopora) the obverse 
faces upward and toward the axis. 

In a memoir on Permian Fenestella Elias 
& Condra (in press) describe a new species, 
twisted like Archimedes, but whose axial 
edge is not encrusted. In this Permian spe- 
cies the obverse faces upwards and toward 
the axis of coiling, and there is no differenti- 
ation into a main polyporid and lateral 
fenestellid branches. 


FENESTEVERTA NICKLESI Elias, n. sp. 
Pl. 43, fig. 7,8 

The inner edge of helicoidal growth-form 
is formed by a polyporid branch that is 
nearly twice as wide as all lateral fenestellid 
branches of the meshwork. It is coiled 
around a geometrical axis, keeping at an’ 
even distance of about 1 mm. from it. 

Each lateral branch bifurcates within a 
very short distance from the main branch, 
The angle of bifurcation is wide, and below 
each point of bifurcation is added one addi- 
tional aperture, where ordinarily carinal 
nodes should be. Lateral branches average 
as wide as fenestrules. Carina is narrow and 
sharply defined, ornamented with strong 
nodes which are almost as wide at their 
bases as the diameter of the apertures, par- 
ticularly the nodes below the points of 
bifurcation. Apertures are smaller than that 
in most species of Fenestella, are furnished 
with narrow but distinctly elevated _peri- 
stomes, and are spaced about 1} times the 
width of their own diameter apart. The sur- 
face of all branches on the obverse and re- 
verse is covered by coarse, deeply cut striae 
or grooves, which become even coarser on 
the main (polyporid) branch. Dissepiments 
average about half the width of branches, 
and are also grooved longitudinally. Fenes- 
trules are elongate, subrectangular. Most 
chambers develop distinct lower hemisepta. 

Meshwork formula: 20—22/11.5-12//20- 
22/about 25, and there are usually about 3} 
zooecia per fenestrule, In the main polyporid 
branch the zooecia are more distantly 
spaced, especially in the longitudinal rows 
nearest to the inner, non-branching edge, 
where there are only 10 or 11 apertures per 
5 mm. 

Discussion.—F. paradisensis var. ard- 
morensis, n. var., has nearly the same for- 
mula, but F. nicklesi differs from it not only 
in coiled growth form, but also in a less regu- 
larly developed lower hemiseptum, more 
numerous carinal nodes, and_ strongly 
grooved surface of branches and dissepi- 
ments. Most important difference is the de- 
velopment of a polyporid main branch, 
which furnishes the inner border of the 
coiled zoarium of F. nicklest. Fenestella, new 
species, Elias & Condra (in press) from 
the Wolfcamp series of Glass Mountains, 
Texas, has a similarly coiled zoarium, but is 


more tightly coiled than F. nicklest and has 
a different meshwork, 15-17/17-18.5//17- 
18.5/11-18, with two zooecia per fenestrule. 

The species is named after the late J. M. 
Nickles, the senior author of ‘Synopsis of 
American fossil Bryozoa,’’ an indispensable 
summary of Paleozoic bryozoa with the 
bibliography of living and fossil Bryozoa of 
the World. 


ARCHIMEDES PSEUDOSWALLOVANUS 
Elias, n. sp. 
Pl, 47, fig. 11,12 


The single specimen recovered is a 54 mm. 
long fragment of a screw with but extremely 
narrow ragged fringe of expanse attached to 
its small flange about 7 mm. diameter. Its 
shaft keeps close to 2 mm. in diameter 
throughout, and its height of volution aver- 
ages 44 mm., occasionally reaching 5 mm., 
near the base decreasing to 3} mm. 

The measurements of the meshwork made 
within the narrow flange and the base of the 
expanse are expressed in the following for- 
mula: 


22-23/22-23//26-27/?. 


This is close to that of Fenestella serratula 
Ulrich, and particularly ‘to that in the 
Chester examples of this species (Condra & 
Elias, 1944, p. 73-74). 

Discussion.—This is a form with a thick 
screw much like that in Archimedes swallo- 
vanus Hall, but with an expanse like Fene- 
stella serratula, instead of F. rectangularis as 
in Hall’s species. Comparative study of the 
typical Archimedes swallovanus from the 
middle Chester of Illinois with the similar 
type screws from the Clore and Kinkaid 
indicates that true A. swallovanus typified 
by Fenestella rectangularis meshwork (Con- 
dra & Elias, 1944, p. 131-132, 188-189) does 
not range above the Menard. The similar 
screws occurring in the higher Chester have 
still another type of meshwork, that of 
Fenestella chesterensis Condra & Elias, and 
therefore belong to another species of Archi- 
medes, as yet undescribed. On the other 
hand true A. swallovanus is fairly common 
in the Pitkin of Arkansas. 


ARCHIMEDES ARDMORENSIS Elias, n. sp. 
Pl. 47, fig. 6,7; Pl. 49, fig. 4-6 


The species was named ardmorensis 
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(nomen nudum, Elias, 1956, p. 86) as it was 
found at first in the Redoak Hollow of the 
Ardmore basin. Subsequently, a much more 
complete and fully calcareous specimen of 
this species was discovered at the type- 
locality of the Kinkaid formation of IIlinois, 
and the latter is here designated the type of 
the species. 

Kinkaid material——Holotype consists of 
five volutions with widely (to 40 mm. 
across) developed expanse. However, the 
shaft of the lower three volutions is fully 
and solidly embedded in the matrix, and 
only the upper two are exposed. Because of 
the demonstrated rapid decrease in the 
diameter of the shaft, from 3 mm. below to 
1 mm. in the uppermost volution, they cer- 
tainly belong near top if not to the very top 
of a screw. The height of each of the two 
volutions is 3 mm., and the screw is typi- 
cally mechanical and corkscrew kind, with 
abruptly expanded and sharply terminated 
flange that measures 43 to nearly 6 mm. 
across. 

When in flange and at the very base of ex- 
panse the fenestrules are shorter than farther 
toward the periphery, the meshwork being 
as follows: 25/15-21//25-26/17-26; the 
shorter proximal fenestrules with 23-23 
zooecia per each, and the longer distal 
fenestrules with 3-3} zooecia per each. 
Carina narrow and sharp, with elongated 
nodes. Outline of zooecial chamber pentag- 
onal. Circular apertures spaced the width of 
their own diameter apart. 

Redoak Hollow specimen.—The only speci- 
men consists of two volutions, the upper 
having narrower shaft than the lower, and 
an oblique and narrow upward extension 
indicative of terminus of Archimedes screw. 
The Redoak Hollow specimen too has its 
expanse preserved but it extends only up to 
10 mm. across, Volutions are 3 mm. high; 
the shaft in the upper volution 1 mm. wide, 
and the incompletely preserved shaft in the 
lower volution more than 1 mm. wide. 
Screw is clearly mechanical and corkscrew 
kind. Meshwork formula 24—25/19-23 (to 
27 at shaft)//26/about 25; longest fenes- 
trules at the periphery, which is probably 
just at the edge of flange and the base of the 
expanse. Outline of zooecial chamber tri- 
angular to pentagonal. 

Discussion.—New species resembles by its 
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cork-screw character Archimedes terebri- 
formis Ulrich, but has smaller height of 
volutions and different meshwork. It also 
resembles A. stoyanowt but the latter has a 
flaring instead of. mechanical screw. 


ARCHIMEDES cf, A. MEEKANUS Hall 
Pl. 48, fig. 11; Pl. 49, fig. 7,8,10 

Fenestella (Archimedes) meekanus 1857, 
Amer. Assoc. Adv. Sci., Pr., vol. 10, p. 178 
(not illustrated). 

Archimedes meekanus Utricu, 1890, III. Geol. 
Surv., vol. 8, p. 578, pl. 63, fig. 4. ULRICH, 
1905, U. S. Geol. Surv., Prof. Pap. 36, pl. 4, 
fig. 9a-9e. McFarvan, 1942, Jour. Paleont., 
vol. 16, p. 438, pl. 65, fig. 18. Conpra & Extas, 
1944, Geol. Soc. Amer. Spec. Pap. No. 53, p. 
143-147, pl. 8, fig. 8,9; pl. 29, fig. 15-21. 

The examples from the Redoak Hollow 
are characterized by the graceful, slender, 
somewhat corkscrew-like shaft, with diame- 
ter from .4 to .6 mm., and height of volu- 
tions varying from 2.7 to 4 mm. Its expanse 
is flaring, but with insignificant flange. 
Meshwork formula was measured on the 
expanse of two specimens as follows: (1) 
20/15-16//22-23/about 16; (2) 17/16//23- 
24/?; the number of zooecia per fenestrule 
near 3, and the outline of zooecial chamber 
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pentagonal. These data on the meshwork 
are not much different from those for the 
meshwork in A. meekanus, as observed by 
Condra & Elias (1944, p. 143-147): 19-27/ 
14.5-20/20—25/18-22, with 23 to 3 zooecia 
per fenestrule and rectangular to sub-pen- 
tagonal outline of zooecial chamber, all. 
these data near those in Fenestella matheri 
Condra & Elias. 

Another external mold of a screw (pl. 11, 
fig. 10), which is much like ordinary Archi- 
medes meekanus, is questionably referred to 
this species because its expanse is broken off 
entirely and therefore its meshwork cannot 
be observed. Its shaft is about 1.5 mm. in 
diameter, and its height of volutions varies 
from 5 mm. below to 4.5 mm. above. 

Discussion.—The described examples dif- 
fer from typical A. meekanus only in a 
smaller average height of volutions (3 to 5 
mm. in the types from Illinois), smaller num- 
ber of carinal nodes, more nearly pentagonal 
than rectangular outline of zooecial cham- 
ber, and a more slender shaft. Hence the 
form is indicated as A. cf. A. meekanus, and 
perhaps should be formally recognized as 
a variety of A. meekanus. It approaches A. 


EXPLANATION OF PLATE 49 


Fic. 1—Archimedes distans Ulrich. External mold of a shaft whose volutions are broken off. X1. 
2—Archimedes meekanoides McFarlan. Basal zoarium with Fenestella cumingsi meshwork upon 
which arises a pair of screws, around which the meshwork is coiled, X2. 
3—Archimedes cf. A. sublaxus Ulrich. External mold of a shaft whose volutions are broken off, 


X2. 

4—6—Archimedes ardmorensis, n. sp., X10. 4, External mold of the obverse of an expanse. 5, 
External mold of the reverse of an expanse. 6, External mold of a shaft; side view. 

7,8—A rchimedes cf. A. meekanus Hall, X10. 7, External mold of a shaft; side view. 8, External 
se .. a shaft (side view), within which are preserved internal molds of zooecial chambers 

ow). 

9—Archimedes aff. A. perminimus Ulrich. External mold of a shaft with a part of adjacent ex- 
panse, side view, X10. 

10—Archimedes cf. A. meekanus Hall. External mold, side view, X2. 

11-15—Streblotrypa nicklesi Ulrich. 11, External mold of typical individual, with branches at 
an acute angle. A few inner molds of zooecial tubes extend inwards from the apertures, in 
lower half, X10. 12, External mold of primary branch with many molds of zooecial tubes 
attached to the apertures. To the right is attached a lateral branch at angle of about 90°, X10. 
13, Primary branch, below, with an axial tube, and a secondary branch, above, without axial 
tube; attached at an angle of 75°, X20. 14, Primary branch, showing axial depression in 
which axial tube has been lodged, X10. 15, Outer mold with numerous molds of zooecial 
tubes attached to the apertures (above), X10. 

16,17—Rhabdomeson (Rhombopora) ulrichi, n. sp. 16, Outer view of a specimen with preserved 
calcareous skeleton, X10. 17, Outer mold, with many molds of zooecial tubes attached to 
the apertures, X20. ; 

18—Rhabdomeson (Rhombopora) foerstei, n. sp. Holotype, axial sections exposed by longitudinal 
breaks across zoaria. Primary branch with axial tube, and lateral branch without axial tube, 
branching off at about 80—85° angle, X10. 
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fragilis Condra & Elias (1944, p. 127) in the 
thinness of the shaft, but the latter species 
has a shorter average height of volutions. 


ARCHIMEDES MEEKANOIDES McFarlan 
Pl. 49, fig. 2 
Archimedes invaginatus var. meekanoides Mc- 


FARLAN, 1942, Jour. Paleont., vol. 16, p. 442, 
pl. 65, fig. 3-7 (Renault and Paint Creek forma- 


tions). 

meekanoides CoNDRA & E.tas, 1944, 
Geol. Soc. Amer. Spec. Pap. No. 53, p. 125-217, 
pl. 10, fig. 4a; pl. 25, fig. 6, table 36 (Chester 
series, 2 mi. southeast of Chester, II.) 


The species previously known from the 
Chester group of Illinois and Kentucky is 
represented by a rarely found basal part 
consisting of two paired symmetrical screws 
growing upon a slightly curved zoarium of 
Fenestella. These paired screws resemble 
closely the paired screws of Archimedes 
distans from the Chester series of Illinois 
(Condra & Elias, 1944, pl. 8, fig. 5,6; pl. 25, 
fig. 3,4). 

The coiled shafts of the Redoak Hollow 
example are only .4 mm. in diameter, which 
is less than half of the diameter of previously 
described specimens of A. meekanoides, but 
they all belong to the mature part of the 
screw, where its shaft invariably attains 
greatest thickness. The height of volutions 


417 


in the presently described example is about 
5 or 6 mm., which is normal for the species. 
The formula of the meshwork, as meas- 
ured on the basal zoarium, is 20/15-16//21/ 
14, with 23 to 23 zooecia per fenestrule. The 
zooecial chamber has pentagonal outline. 
These data are typical of both F. cumingsi 
and the expanse of Archimedes meekanoides. 
Excellent preservation of the internal 
mold of F. cumingsi just below the point 
where one of the paired screws makes its 
start, allows an observation of abnormal fea- 
tures in the zooecial chambers. Neighboring 
zooecia tend to fuse in their slightly smaller 
basal part, and, in one case, a connecting 
tube, equal in diameter to the zooecia, con- 
nect the zooecia of two neighboring branches, 
running somewhat diagonally inside the 
widened connecting dissepiment. This pe- 
culiar development, which has been ob- 
served in a few other Archimedes shafts from 
the Redoak Hollow, apparently manifests 
certain organic changes in the zooecia of 
Fenestella that results in coiling of zoarium 
into an Archimedes growth form. 
Discussion.—Our example consists of two 
symmetrical screws whose height of volu- 
tions is the same as in A. distans, but the 
meshwork of the basal zoarium (of Fen- 
estella), which continues into the revolving 
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Fic. ]-7—Rhabdomeson (Rhombopora) foerstei, n. sp. 1, Outer mold of typical secondary branch with 
molds of zooecial tubes in lower half, X20. 2, Fragment of primary branch with small and 
somewhat flexuose axial tube, X10. 3, Cross-section of primary branch, with sub-circular 
axial tube, and longitudinal section of a lateral branch, attached at about 90° angle, X10. 
4, Primary branch with axial tube to which is attached repeatedly branching system with an 
ovicell X10. 5, Detail of the same specimen as in 4, at the departure of the lateral branch from 
the primary branch, X20. 6, Molds of typical zooecial tubes in secondary branch, X50. 7, 
Typical exterior of secondary branch, X50. 

8-11—Rhabdomeson (Rhombopora) ulrichi, n. sp. 8, Outer mold with numerous molds of zooecial 
tubes attached to the apertures in upper part, X20. 9, Outer mold showing method of branch- 
ing. A few molds of zooecial tubes are attached to the apertures, X10. 10, Longitudinal sec- 
tion to show shape of zooecial chamber and its widely perforated diaphragms. Position of 
megacanthopores directly above tori, X50 and X100. 1/1, Typical exterior of secondary 
branch, showing zooecial apertures, mesopores, megacanthopores, and nodes, X50. 

12-16—Rhabdomeson (Rhombopora) rogersi, n. sp. 12,13, Holotype, opposite sides of the same 
specimen, the axial tube of the primary branch broken across, so that each side of the speci- 
men has a part of the tube. Secondary branch is attached at about 90° to the main axis, X10. 
14, Same as 13, X20. 15, Cross-section view of axial tube, X20. 16, Longitudinal section to 
show shape of zooecial chambers, superior and inferior hemisepta, and megacanthopores, 


X50. 

17-18—Stenocladia? bassleri, n. sp., on Enchostoma? cf. E. bicarinatum 17, Holotype, naturally 
split along the plane of bifoliation, X1. 18, Detail, X20. 

19—Tabulipora cf. T. tuberculata Prout, encrusting compressed tube of unknown nature, X10. 
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flange and expanse of the screws, is decid- 
edly that of Fenestella cumingsi Condra & 
Elias (1944, p. 103-104, pl. 10, fig. 4b; pl. 
21, fig. 6). The holotype of this species of 
Fenestella was found in association with 
Archimedes meekanoides, though probable 
growth of the latter upon the former can 
only be inferred as the base of the Archi- 
medes being broken off. 


ARCHIMEDES aff. A. PERMINIMUS Ulrich 
Pl. 48, fig. 10; Pl. 49, fig. 9 


The single, well preserved specimen is an 
external mold of a very delicate helicoid, 
whose measurements are intermediate be- 
tween those of A. perminimus Ulrich and A. 
fragilis Condra & Elias. Its shaft is .5 mm. 
in diameter, and height of volutions 2.5 mm. 
Its coiling is of cork-screw type, and, in this 
respect, it is nearer to A. perminimus, being 
perhaps a more mature or more distant part 
of the screw, if the holotype represented 
more nearly basal part of the same; or the 
Redoak Hollow form may be an advanced 
transient (or waagenon) of A. perminimus. 

The expanse is well preserved, and there- 
fore allows complete observation of its 
meshwork, whose formula is 18-19/15//19- 
20/15. There are, in average, 2} zooecia per 
fenestrule, and the outline of the zooecial 
chamber is triangular to pentagonal. All 
these features are typical for Fenestella 
cumingsi, which is the meshwork in both 
Archimedes perminimus and A. fragilis. 


ARCHIMEDES PITKINENSIS Elias n. sp. 
Pl. 47, fig. 1-5 


This is the most massive among the spe- 
cies of Archimedes in the Redoak Hollow. It 
is named pitkinensis because an identical 
form has been collected by C. L. Foster 
from the Pitkin limestone about 8 miles 
northeast of Ft. Gibson, Oklahoma and 
donated to the Nebraska Geological Survey. 
The latter is much more nearly complete 
and fully calcareous and hence is designated 
the holotype and described here together 
with the identical Redoak Hollow material. 

The 125 mm. long fragment from the 
Pitkin limestone indicates that the species, 
was probably at least 150-160 mm. long, as 
per morphologic comparison with very simi- 
lar A. magnus Condra & Elias (1944, p. 
154, pl. 32, fig. 2-9). Considerable variabil- 
ity of height of volutions and width of 


shaft is noticeable, with an apparent correla- 
tion between these characters: the longer the 
volution height, the narrower the shaft. 
The shortest, 3.5 mm. volutions with the 
widest, 8 mm., shaft are in the middle part 
of the holotype, while the longest, 9 mm. 
volution with the narrowest, 4 mm. shaft, 
is located in its upper part. Next above it, 
the shaft becomes somewhat wider and the 
volution shorter. 

Volutions are cup-shaped and widely flar- 
ing when short, but change to sub-wineglass 
shape with basal flare nearly equal to a med- 
erate upper flare in the longest volutions, 

Expanse starts with only a slight basal 
incrustation from abruptly accuminate edges 
of flange, whose width is from 10 mm. in 
longest volution, to 12-13 mm. in shortest 
volutions. The largest preserved part of the 
expanse is attached to the right side of the 
lowest volution of the holotype. Grinding 
and etching of a portion of its exposed (13 
mm. long) reverse shows elongate pentag- 
onal to triangular outline of the base of the 
zooecial chamber. An adjacent broken off 
part of the expanse has left a fairly sharp im- 
pression in the rock that permits observa- 
tion of the spacing of quite strong though 
short carinal nodes. The measured data can 
be expressed in a meshwork formula. 

25-30/21 (near top)-24//25-29/40, which 
is close to that of Fenestella serratula Ulrich, 
sensu stricto (Warsaw examples). Number 
of zooecia per fenestrules varies from 2} 
to 23. Zooecial apertures circular, with nar- 
row peristome, slightly more than their 
diameter apart. 

Occurrence.—Pitkin limestone (upper), 
sec. 25, T. 16 N., R. 19 W., Oklahoma. 

The external mold of the Redoak Hollow 
specimen, 18 mm. long, consists of slightly 
more than two volutions, the lower cup- 
shaped, 4 mm. wide and 63 mm. high, and 
the upper wineglass-like, 3 mm. wide and 
8 mm. high, and the flange up to 6 mm. wide. 
Imprint on the rock from the upper side of 
small part of flange at the base of lower volu- 
tion permits measurement of the following 
meshwork: 21-25/19-22//25/?, and shows 
that the zooecial chamber has a sub-pentag- 
onal outline. 

These data compare reasonably well with 
those of the Pitkin holotype, especially the 
shape and character of the variability of the 
volutions. 
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Discussion.—In size and shape of volu- 
tions, the new species is almost like Archt- 
medes magnus Condra & Elias (1944, p. 
154-157, pl. 6 fig. 1, pl. 32, fig. 2-9). How- 
ever, the flange in A. magnus is more flaring 
and correspondingly of larger width, 4 to 18 
mm., and its meshwork is quite different, 
20-29/14-17//22-25/27-35, with rectangu- 
larshape of zooecial chamber, thus being close 
to that of Fenestella matheri Condra & Elias. 


ARCHIMEDES DISTANS Ulrich 
Pl. 49, fig. 1 

Archimedes distans Utricu, 1890, III. Geol. 
Surv., vol. 8, p. 578-579, pl. 63, fig. 9-9b. 
ConprA & Extras, 1944, Geol. Soc. Amer. Spec. 
Pap. No. 53, p. 117-120; pl. 8, fig. 5,6; pl. 9; 
pl. 25, fig. 14. 

Archimedes meekanus var. distans MCFARLAN, 


1941, Tab. 1, p. 438-439; pl. 2. 

Several molds of fragmentary screws from 
the Redoak Hollow, the largest, 20 mm. 
long, apparently belongs to this species. It 
was possible to measure approximate length 
of its fenestrules. which indicates about 22 
fenestrules per 10 mm., or well within the 
range of variability for this element (Condra 
& Elias, 1944, tab. 31, p. 119). Breaking 
across a flange of a smaller fragment showed 
the occurrence of 2} zooecial apertures per 
fenestrule, which is characteristic for the 
meshwork of A. distans, and a slightly 
larger number of carinal nodes, also a char- 
acteristic feature for this species. 

Another long fragment has both the mesh- 
work and the screw typical of A. distans but 
its shaft is thicker, nearly 2 mm. across. The 
meshwork preserved only in the narrow 
flange and slightly beyond it measures 26/ 
22-23//24-25/?. 

The measurements for the screws of the 
three described specimens are as follows: 


, Height of 
Diameter Volutions, 
mm. mm. 
Larger fragment (20 mm. 
long): jh 3.5 to 5.0 
Smaller fragment (11 
mm. long): .8to 1.2 4.5 
fragment with thicker 
shaft (24 mm. long) 1.9 5.5 to 6.0 


ARCHIMEDES RIGIDUS Elias, n. sp. 
Pl. 47, fig. 8-10; Pl. 48, fig. 7-9 


Clore examples——Holotype is well pre- 
served fragment 26 mm. long, consisting of 
nearly four volutions whose height varies 


from 53 to 6 mm., and width of shaft is .7 
mm. Slightly flaring flange is 1.5-2 mm. 
across. A longer specimen with no expanse 
preserved has the same diameter of shaft 
and its five volutions average 73 mm. high. 

Meshwork measured on a preserved part 
of expanse in the holotype is 18-20/13//22/ 
18-20, with 3-3} apertures per fenestrule, 
and pentagonal outline of zooecial chamber 
at the base; apertures with circular peri- 
stome, spaced own diameter apart. 

Occurrence.—On hill about 2 mi. south of 
Chester, Illinois. 

Redoak Hollow examples.—Molds of only 
two small fragments of this species have been 
originally recovered, but their features were 
so strikingly different from those of all 
known species of Archimedes that their dif- 
ferentiation as a new species seemed desira- 
ble and justifiable. Most interesting is its 
perfectly straight columnar shaft with not a 
trace of flange at the base of the expanse 
that winds around it at an acute angle. 

The best preserved fragment is 35 mm. 
long and has a uniform .6 mm. wide shaft, 
with surface distinctly longitudinally stri- 
ated. Judging by the rate of winding of the ~ 
expanse the height of volutions must have 
been about 6 or 7 mm. The expanse departs 
out of the shaft at an angle of about 35°, the 
branches of its meshwork are straight and 
not encrusted even at the point of the de- 
parture from the shaft. The whole of the 
winding meshwork is quite free from en- 
crusting tissue and its fenestrules are as 
open as in ordinary fronds of Fenestella. In 
another example height of volutions is 6-63 
mm. and width of shaft 1 mm. 

Meshwork is 20—22/12-13//21-23/18, 
with slightly over 3 zooecia per fenestrule. 
Outline of zooecial chamber is pentagonal at 
base. Apertures are round, comparatively 
small, spaced about 1} the width of their 
diameter apart. Dissepiments spaced with 
slight irregularity, striated on obverse. 
Carina slightly indicated to none, but carinal 
nodes are usually developed, though small. 

Discussion.—A. rigidus differs from simi- 
lar screws of A. distans Ulrich, by much 
larger height of volutions and by quite dif- 
ferent meshwork. 

ARCHIMEDES cf. A. SUBLAXUS Ulrich 
Pl. 49, fig. 3 


Archimedes sublaxus ULricu, 1890, Ill. Geol. 
Surv., vol. 8, p. 568, 579, pl. 63, fig. 14. Mc- 
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FarLaNn, 1942, Jour. Paleont., vol. 16, p. 433. 
Conpra & E.tas, 1944, Geol. Soc. Amer. Spec. 
Paper No. 53, p. 157-159; pl. 8, fig. 7; pl. 33, 
fig. 5-7. 

A single outer mold of a coiled shaft, from 
which all expanse is broken off evenly 
around the flanges, is questionably referred 
to Archimedes sublaxus because it is impos- 
sible to verify this identification by the 
meshwork which is not preserved. There is 
no other type of coiled shaft among all 
known species of Archimedes which would 
approach that of A. sublaxus. The specimen 
from the Redoak Hollow measures as fol- 
lows: diameter of shaft about 2 mm.; diame- 
ter of flange about 7 mm.; cork-screw off- 
set about 1.5 mm.; height of volutions 12 
mm. The corresponding dimensions of A. 
sublaxus are as follows: diameter of shaft 
1.1 to 1.5 mm.; diameter of flange 2 to 4 
mm.; cork-screw off-set 1.5 to 2 mm.; height 
of volutions about 11 mm. The observed dif- 
ferences in the two sets of measurements 
may be ascribed to greater maturity of the 
specimen from the Redoak Hollow. The 
previously known single example of A. sub- 
laxus, in form of paired screws, represents 
the early part of its zoarium only. The 
specimen from the Redoak Hollow could 
also be regarded as a variety of A. sublaxus, 
or a new species characterized by the above 
quoted measurements. 


PoLyPora (POLYPORELLA) OVICELLATA 
Elias, n. sp. 
Pl. 46, fig. 1-3 


Holotype is a complete or nearly com- 
plete zoarium of this new species, both ex- 
ternal and internal molds showing finest 
structural details. The zoarium starts as a 
thin disk about 2 mm. in diameter, from 
which rise vertically at least five (but prob- 
ably 7 or 8) narrow branches, which face in- 
ward and form a circle around .5 mm. wide 
hollow center. At about 1 mm. above the 
base of the disk five or six branches on one 
side of the circle bend sharply outward and 
begin to bifurcate rapidly so as to make a 
fan-shaped expanse about 18 mm. long and 
15 mm. wide. This expanse is gently curved 
outwards and downwards, like a spoon or a 
scoop. This ‘‘spoon”’ has a very short “‘han- 
dle,” the circular bunch of the _ initial 
branches. Zooecia are arranged in two to five 


rows; the largest number of four or five rows 
continues for a distance of one or two fenes- 
trules below bifurcations, but occasionally 
also occurs for a short distance along or- 
dinary branch, and then changes distally to 
three rows, which is perhaps the most com- 
mon number of rows. The branches have al- 
ways only two rows of zooecia just above 
bifurcations, the third row is added at a dis- 
tance from 3 to 3 fenestrules from the point 
of bifurcation. When in two rows, the zoo- 
ecial chambers have sub-pentagonal outline 
at their bases. Lower hemisepta are occa- 
sionally developed in these, and, less fre- 
quently, in other zooecia. Apertures have 
low and narrow peristomes, and are spaced 
the width of their own diameter apart. The 
surface between them is smooth. Nodes oc- 
cur between them somewhat irregularly, 
but usually in the middle of a branch. Less 
frequent than nodes are circular depressions 
of uniform size, about 13 the diameter of the 
apertures, and always directly under the 
latter. 

Fenestrules are subquadrate; the dissepi- 
ments average the width of fenestrules, 
smooth and depressed on obverse, flush with 
the branches on reverse. Branches usually 
smooth on reverse, but in the distal part of 
the zoarium they are grooved on the re- 
verse, the grooves becoming deeper toward 
the periphery. 

Meshwork formula is 12—-16/8-8.5 (to 10 
near the base)//18-20/13-20. There are 
usually 43 apertures per fenestrule. Nodes 
tend to be lined along the middle of the 
branches, but no striae or carinae are de- 
veloped on obverse. 

Discusston.—Polypora ovicellata is un- 
doubtedly closely related to Polypera bi- 
seriata Ulrich from the Warsaw, and to 
Polypora insculpta Ulrich (P. whitet var. 
insculpta of authors) from the ‘‘Lower Coal 
Measures”’ at Seville, Illinois. In its mesh- 
work it is intermediate between these two 
species, but nearest to P. insculpta (Table 
5). The Redoak Hollow species is more 
nearly like P. insculpta in regard to size and 
spacing of apertures and nodes, and smooth 
surface of the obverse. The obverse in P. 
bisertata is coarsely costate, and the aper- 
tures are comparatively smaller and spaced 
more than their diameter apart. It is also 
known to develop occasional circular de- 
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TABLE 5.—PRINCIPAL MEASUREMENTS OF Polypora biseriata GROUP 


Branch Fenestr. | Apertures Nodes 
per 10 per 10 per 5 per 5 Age 
mm. mm. mm. mm. 
P. insculpta Ulrich 9-10 9 19 irregular L. Pennsylvanian 
P. ovicellata, n. sp. 12-16 8-8.5 18-20 13-20 Readoak Hollow 
P. biseriata Ulrich 17-19 14 17-18 11 Warsaw 


pressions (ovicells?) just below the aper- 
tures, but these are of the same size as the 
apertures. The dissepiments in P. insculpta 
are very thin, less than } the width of the 
branches. Obverse in the latter is also much 
like that in P. ovicellata; generally smooth, 
but with locally developed longitudinal 
grooves. The surface of the obverse usually 
sags along the middle of the widest portions 
of the branches, usually for a distance from 
two to three fenestrules below the points of 
bifurcation. Similar, but less pronounced 
sag is developed at a few points along the 
wider branches in P. ovicellata. 


POLYPORA DEBILIS Elias, n. sp. 
Pl. 45, fig. 4-7; Pl. 48, fig. 4 


This new Polypora is usually very frag- 
mentary because of the apparent fragility 
of the zoarium: it is made of about .6 mm. 
wide branches, which are connected by very 
slender (.15-.2 mm. across), long (i mm.), 
and widely spaced dissepiments. 

Branches are elliptical in cross-section. 
Along their convex obverse are five to six 
rows of round apertures. Their peristomes 
are only slightly raised above the smooth 
inter-zooecial surfaces, and the occasionally 
developed thin wavy carinae tend to sep- 
arate the longitudinal rows of the apertures. 
There are also very few small and low nodes 
scattered between the apertures. The reverse 
of the branches is convex, their sides are 
finely but distinctly grooved, and so are the 
dissepiments on obverse and reverse. 

Meshwork formula is 7/4.5//16. 

Discusston.—The slenderness of the dis- 
sepiments in contrast with the sturdiness of 
the branches is the most characteristic fea- 
ture of the new species, which distinguishes 
it from the many species of Polypora de- 
scribed from the upper Morrow by Mather 
(1915). All his species have much wider dis- 
sepiments which combine with wide branches 


in making small fenestrules and durable 
zoaria. 

A Chester form, Polypora cestriensis 
Ulrich (1890, p. 594-595, pl. 55, fig. 4—4c; pl. 
60, fig. 7-7c) has practically the same mesh- 
work formula as P. debilis: 8/5-6//17, and 
differs from the new species only in flatter 
branches, wider dissepiments, and fewer 
rows of zooecia, normally three to four. 


THAMNISCUS ERECTUS Elias, n. sp. 
Pl. 46, fig. 4-6 


Beautifully preserved example of an ap- 
parently nearly complete small zoarium of 
Thamniscus, and another less well preserved 
zoarium have been recovered from the Red- 
oak Hollow, in form of external mold of both 
obverse and reverse. Most interesting and 
peculiar is the completely preserved elon- 
gated basal part of the zoarium; a slender 
cylindrical stem 6 mm. long. It is this mode 
of growth together with the spacing of zoo- 
ecial apertures and of bifurcations that dif- 
ferentiate T. erectus from the few other 
known Carboniferous species, all of which 
are rare. 

The holotype is attached to the reverse 
of Polypora debilis(?) (Pl. 48, fig. 4) with the 
spacing of the fenestrules, 15 per 10 mm., 
and of the apertures, 15 per 5 mm., as meas- 
ured on the small fragment serving the sub- 
stratum. The attachment is accomplished 
by an abrupt spreading of the stem just 
above the surface of attachment; the spread- 
ing part is about three times as wide as the 
diameter of the stem, and tends to be di- 
vided into a few root-like lobes. The stem 
and its basal lobes are longitudinally stri- 
ated, but somewhere higher along the stem, 
between 1 and 3 mm. above the base, aper- 
tures appear on one side, which thus be- 
comes obverse of the zoarium. At 6 mm. 
above the base, the stem bifurcates sym- 
metrically at an acute angle of 40—45°, and 
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one of the two branches bifurcates again 
about 1.5 mm. higher, while the other con- 
tinues without bifurcation for a distance of 
about 3 mm., the most distal point of the 
preserved part of the zoarium. 

The diameter of the stem at the base is .55 
mm. and attains .65 mm., 3.5 mm. above the 
base, which is also its diameter just below 
the bifurcation. The diameter of the bifur- 
cating branch is .55 mm.. and that of either 
of the branches above the second bifurca- 
tion is .44 mm. The diameter on the non-bi- 
furcating branch remains about .50 mm. all 
along its length. 

The apertures on the obverse are closely 
spaced in four to five rows, in checkerboard 
fashion. Apertures are oval with very low or 
suppressed peristome, slightly more than 
their long diameter apart along the longi- 
tudinal rows, spaced about three apertures 
per 1 mm. along a row. Narrow undulating 
grooves separate one longitudinal row of 
apertures from another. 

The reverse is uniformly striated all along 
the zoarium, the striae averaging 5 per .2 
mm. on the stem, but become gradually 
denser in the distal half of the non-bifurcat- 
ing branch, up to 10 per .2 mm. at its distal 
end, which, perhaps, indicates termination 
of growth. 

Discussion.—The mode of initial growth 
in form of a single zoarial branch (stem) is 
not normal for Fenestellidae, and Polypora 
in particular, from which genus Thamniscus 
is presumably derived. Particularly, the ini- 
tial development of the latest Pennsylva- 
nian and of early Permian species of Thamnis- 
cus, as I have repeatedly observed on many 
individuals, proceeds in form of several 
concentric rows of zooecia, which make a 
circular cushion; the subsequently developed 
zooecia are segregated in several (usually six 
to eight) radiating branches, which begin to 
rise gradually above the level of the cushion. 
The growth of most of these branches be- 
comes arrested soon after they rise, as the 
remaining few continue to rise, but only one 
(seldom two) of them attains a full zoarial 
development predominating over all the 
others which remain short and unbifurcated. 
Contrary to this, the just described early 
stages of development seem largely omitted 
in T. erectus; but, because only external 
mold of the zoarium is preserved and all 
zooecial chambers destroyed, it is conceiva- 


ble, and even probable, that the earliest or 
“cushion”’ stage of zoarial growth is present, 
though covered by the expanded base of the 
stem. There is no room within it to cover 
the next stage, the one with short radiating 
branches, so that evidently only one branch 
has formed. Apparently it quickly attained 
an upright position and became the single 
zoarial stem. This stem did not start to 
bifurcate until it rose to 6 mm. above the 
base, while in nearly all the zoaria of Poly. 
pora and Thamniscus the bifurcation starts 
within one or two millimeters above the 
base, and proceeds repeatedly and fre- 
quently from there on. 

Among the previously known slender and 
moderate to scarcely bifurcating species of 
Thamniscus, T. sculptilis Ulrich from the 
Keokuk of Kentucky, and T. furcillatus UlI- 
rich from the Chester of Illinois are similar 
to T. erectus. Both species have three to four 
(to five just before bifurcation) rows of 
apertures, asin 7. erectus but only in T. fur- 
cillatus are they as regularly alternating in 
the adjoining rows as in the new species 
from the Redoak Hollow. Further similarity 
of T. furcillatus to T. erectus is the width of 
the branches, from .5 to .7 in the former; 
the presence of slightly undulating low 
ridges between the longitudinal rows of 
apertures; the spacing of the apertures, 
“about seventeen in 5 mm.” in the former; 
and the angle of bifurcation, ‘‘between 60° 
and 90°” in the former. However, T. erectus 
differs from 7. furcillatus in having much 
shorter interval between the bifurcations, 
which are “rarely less than 7 mm. apart”’ in 
the latter. Also, the apertures in T. erectus 
are distinctly elliptical, while in 7. furcil- 
latus they are circular. 

The described differences seem sufficient 
to consider the form from the Redoak Hol- 
low a new species, though its close relation- 
ship to F. furcillatus is apparent, and it is 
probably its direct descendent. Another 
descendent could be Thamniscus tenuiramus 
Rogers (1900, p. 9, pl. 12, fig. 5,5a) from the 
Missouri series and higher Pennsylvanian 
beds of Kansas. 


SEpTopoRA cf. S. PINNATA Ulrich 
Pl. 48, fig. 12 
Septopora pinnata Utricu, 1890, Ill. Geol. Surv., 
vol. 8, p. 633; pl. 64, fig. 7; pl. 65, fig. 1,1a. 
Conpra, 1900, Nebr. Geol. Surv., vol. 2, 
pt. 1, p. 96-97, 114; pl. 20, fig. 1,2. 


} 


The species was originally very briefly 
described, but well illustrated by Ulrich. 
Rogers differentiated from it his S. inter- 
porata on the evidence of the lateral 
branches being ‘‘straighter and more regu- 
lar,” and also because of more frequent oc- 
currence in it of the ‘‘accessory pores.’’ How- 
ever, Condra places S. interporata in the 
synonymy of S. pinnata “without much 
doubt’; indeed, frequency of occurrence of 
the accessory pores (smaller openings on the 
reverse and obverse surfaces, frequently de- 
veloped between the apertures) is variable 
in this and other species of Septopora and 
Acanthocladia, while greater regularity and 
straighter shape of the branches might have 
been due to environmental rather than ge- 
netic control. At any rate, in as far as the 
identification of the small fragment from 
the Redoak Hollow is concerned, it seems 
generally related to Septopora pinnata in its 
broader sense as understood by Condra. 
The single fragment consists of rigid axis 
5 mm. wide from which straight lateral 
branches depart at an angle of about 50°. 
These branches are only half as wide as the 
central axis, a feature more nearly like that 
in the original example of S. pinnata 
described by Ulrich, than in those described 
by Rogers and by Condra. The rigidity of 
the axis and the lateral branches are more 
nearly like those in Rogers’ species. How- 
ever, the example from the Redoak Hollow 
differs from that described by Rogers by 
having only very few accessory pores, which 
are about as scarce as in the original S. pin- 
nata Ulrich. The apertures in the axis of the 
example from the Redoak Hollow are small, 
circular, two to three times the width of 
their own diameter apart. 

A feature of special interest in the Redoak 
Hollow form is the elongated pentagonal 
outline of the zooecial chambers in its lateral 
branches. The branch in which these cham- 
bers are preserved sends off at sub-perpen- 
dicular angles two ‘fertile dissepiments” or 
branchlets of second order, in which the out- 
line of the chamber is quite different, having 
the form of shortened triangles to trape- 
zoids. Outline of the zooecial chamber in S. 
pinnata has not been previously described. 

Discussion.—The example from the Red- 
oak Hollow constitutes the earliest known 
record of Septopora pinnata, all previously 
described examples coming from the post- 
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Morrow Pennsylvanian beds. It seems that 
the slender, Penniretepora-like Septopora 
decipiens Ulrich (1890, p. 630-631, pl. 66, 
fig. 9) from the Chester of Kentucky is the 
ancestral stock of S. pinnata. The smallness 
of its apertures and their distant spacing, 
as shown on Ulrich’s sketch (but not as de- 
scribed by him) is nearer to the size and 
spacing of the apertures in S. cf. S. pinnata 
from the Redoak Hollow than to that in the 
Pennsylvanian examples of S. pinnata. 


PENNIRETEPORA ARDMORENSIS Elias, n. sp. 
PI. 48, fig. 13-16 


Several fragments of Penniretepora are 
characterized by features that set them 
apart from all previously known species of 
the genus. Spacing of the apertures on the 
main axis (called ‘‘midrib’’ by authors) is 
such that every other aperture is placed at 
the departure of regularly disposed lateral 
branches, and the intermediate apertures are 
placed in the middle of the space between 
these branches. There is no carina on the 
obverse, but the two rows of apertures are 
separated by a set of three parallel, serrate 
“lines” or ‘‘striae,’’ the middle line slightly. 
stronger than the other two (pl. 48, fig. 13). 
The band made of these striae meanders 
gently and regularly between the two rows 
of the apertures, which are disposed in al- 
ternate manner. The branchlets on the op- 
posite sides of the axis tend to be sub-oppo- 
site, and not alternate, but they cannot be 
exactly opposite because they also tend to 
be disposed at every other aperture. Aper- 
tures have irregular but much elevated 
peristomes. The reverse is only occasionally 
and faintly ‘‘striated.’”’ In one fragment 
stronger striae border the apertures laterally 
and also along the medial line of the obverse, 
where the striae are more prominent, though 
generally irregular and not forming a three- 
row band. Poorly developed sculpture and 
narrower apertures suggest dying out of the 
zooecia in the earliest part of the zoarium, a 
feature generally characteristic of bryozoa. 
In the basal part of the zoarium, the lateral 
branchlets are spaced a little less regularly 
than in the mature part, tending to be more 
distantly spaced, while the apertures are 
spaced in the same way as in the distal part. 
14 to 15 per 1 mm. 

Basal part of the axis is only slightly wider 
than the distal part, and is attached at a 
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right angle to seemingly much worn out 
branch of a fenestellid bryozoan. 

The molds of the zooecial chambers are 
preserved, demonstrating their triangular to 
trapezoidal outline at the base, and their 
strong chimney-like vestibula extending up- 
ward with a slight antero-lateral inclination 
(pl. 48, fig. 16). Shorter and more trapezoid 
are the zooecial chambers in the lateral 
branchlets; no more than four zooecia in 
each branchlet, their apertures apparently 
in two alternate rows. 

Discussion.—The species belongs to the 
group in which the zoaria are ornamented 
along the center by three (or less) low and 
narrow elevations, usually called ‘‘striae,’”’ 
instead of having elevated carina along the 
median line. This group is typified by its 
most common species Penntretepora triline- 
ata (Meek). P. ardmorensis differs from the 
latter by lateral undulations of the band of 
three striae, which are quite straight in P. 
trilineata. Besides, the lateral branchlets of 
the latter are much stronger and spaced 
about 13 times wider, so that upon the main 
axis three apertures are disposed between 
their bases. 

Three species of Penniretepora previously 
described have the apertures spaced regu- 
larly in twos per the interval between the 
lateral branches, as in P. ardmorensis. One 
is P. minor Ulrich from the Waverly series of 
Ohio, which differs from P. ardmorensts by 
a larger number of branches and zooecia per 
given space, and by having distinct carina 
ornamented with nodes (Ulrich, 1888, p. 
77, pl. 14, fig. 7,7a). The other is P. youngit 
Ulrich (1890, p. 615-616, pl. 66, fig. 3) from 
the Keokuk group of Kentucky and Iowa. 
This species also has a strong nodate carina, 
and its apertures are spaced wider apart 
than in P. ardmorensis. The third is P. 
bellula Ulrich from the ‘‘base of the Coal 
Measures” at Seville, Illinois; this species is 
more nearly like P. ardmorensis than P. 
minor or P. youngi. It has no definite carina, 
the obverse of its axis being ‘‘marked with 
flexuous striae, strongest near the center of 
the midribs, where also a row of small and 
widely separated (.8 mm.) nodes may be ob- 
served”’ (Ulrich, 1890, p. 619, pl. 66, fig. 8— 
8b). This lower Pennsylvanian form has less 
regular arrangement of the striae that take 
the place of medial carina, and it has a row 
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of nodes along the center—features unlike 
those in P. ardmorensis. The spacing of the 
apertures upon the axis, and also upon the 
lateral branches, is 13 as wide as the spacing 
of the corresponding elements in P. ard- 
morensts. 

It seems that neither P. minor nor P. 
youngt are ancestors of P. ardmorensis, but 
such could be Penntretepora flexuosa Ulrich 
(1890, p. 615, pl. 66, fig. 4—4c) from the 
Keokuk group of Kentucky. This species 
has no carina, and instead, its obverse “‘is 
marked with strong flexuose striae, those 
along the center of the branches a little the 
strongest.”” Ulrich’s sketch illustrates this 
sculpture well, shows no regularity in the 
development of the “‘striae” into a three-fold 
central band, but in it the lateral ‘‘striae” 
come in and out of the central part irregu- 
larly. The spacing of the apertures in rela- 
tion to the lateral branches in this form is 
also different from that in P. ardmorensis, 
as there are in average three apertures on 
each side of the axis in the intervals between 
the lateral branches. While P. flexuosa prob- 
ably gave rise to P. ardmorensis, the latter 
probably gave rise to P. bellula and P. 
trilineata in post-Redoak Hollow time. 

In the collection from the Otterville at 
Ardmore, in the Nebraska Geological Sur- 
vey, the species P. trilineata has the follow- 
ing numerical characteristics: width of main 
axis .35 mm.; number of lateral branchlets 
12 per 10 mm.; and number of apertures 17- 
18 per 5 mm. About 3 apertures are spaced 
between each pair of the lateral branchlets. 
In this form the three central ‘‘striae’’ are 
equally weak, while in the typical P. triline- 
ata from the higher Pennsylvanian the me- 
dian is stronger than the two lateral ‘‘striae.” 
This seems to indicate that P. ardmorensis 
is a direct ancestor of P. trilineata, the va- 
riety of the latter in the Otterville being an 
intermediate form. 


BRYOZOANS AS AGE INDICATORS 


The bryozoans are more like the corre- 
sponding Chester forms than any other ma- 
jor phyletic group of the Redoak Hollow 
fauna. Conspicuous in the Redoak Hollow 
bryozoan faunule is the large number of spe- 
cies of Fenestella, the presence of many spe- 
cies of Archimedes, and the scarcity of the 
species of Polypora. In contrast with this the 
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bryozoans in the Morrow consist of many 
species of Polypora, while the number of 
species and specimens of Fenestella is small, 
and Archimedes is absent. 

There are many long-ranging species of 
Fenestella in the Redoak Hollow which are 
known to extend from the upper Mississip- 
pian through nearly all the Pennsylvanian. 
However, such long ranging species did not 
remain entirely unchanged during their 
range through time, and some small but 
measurable changes occurred in them, par- 
ticularly in the spacing of their principal ele- 
ments, the dissepiments and zooecia. Their 
representatives in the Redoak Hollow are 
nearer to those in the Mississippian than 
those in the lower Pennsylvanian rocks. 

Species of Archimedes are particularly 
useful for exact correlations. In table 5 are 
entered new data on stratigraphic distribu- 
tion of the species of Archimedes collected 
and identified by me in the Chester, and 


particularly Upper Chester of Illinois, in 
combination with the previously published 
data on Archimedes for Illinois and Ken- 
tucky by Ulrich (1890, 1905, 1917), Butts 
(1917), McFarlan (1942), and Condra & 
Elias (1944). Against these data are plotted 
(1) list of species in the Pitkin of Arkansas 
and Oklahoma as per identifications by 
Easton (1942, 1943) and myself, and (2) 
list of Redoak Hollow forms. 

When counting only identical forms, this 
table shows that out of four species that 
make their last appearance in the Glen 
Dean formation one is known in the Pitkin, 
but none in the Redoak Hollow; out of two 
making last appearance in the Menard one 
is known in the Pitkin, but none in the Red- 
oak Hollow; out of five making last appear- 
ance in the Clore three are known in the 
Pitkin, and one in the Redoak Hollow; and 
out of six making last appearance in the 
Kinkaid three are known in the Pitkin and 


TABLE 6.—LIST OF THE BRYOZOA FROM THE REDOAK HOLLOW WITH AN INDICATED RELATIONSHIP 
TO THE KNOWN EARLIER AND LATTER FORMS 


Pre-Redoak Hollow 


Redoak Hollow 


Post-Redoak Hollow 


Marcusodictyon priscum (Bassler). Marc 


dictyon prisc var. vine, n. var. 


Vinella? multiradiata Ulrich & Bassler......Vinella bilineata, n. 


Eridopora macrostoma Ulrich. 


. Sp. 
Cheilotrypa regularis Easton. on 'ypa dist 


bora (Discotrypella) radiata, n. subg., 


. 1. sp. 


Stenocladia frondosa Girty. 


Pycnopora n. sp. 
Stenocladia? basslers, n. sp. (n. gen.?) 
Strebloplax crustacea, n. Nn. sp. 


Tabulipora simplex, n. 


Tabulipora tuberculata Prout. Tabulipora cf. 


Rhabdomeson gracile (Phillips) 


 tuberculata Prout 


Tabulipora microfistulata Easton........... Tabalspora macnairi, n. sp. 
Rhombopora) rogersi, n. sp. 


( 
pe (Rhombopora) foerstei, n. sp. 


T. ohioensis Foerste 


Rhabdomeson? (Rhombopora) ulrichi, n. sp. 


Streblotrypa nicklesi Ulrich Streblotrypa nicklesi S. prisca Gabb 

Fenestella exigua Fenestella exigua var. springerensis, n. var..... F. tetratheca Condra & Elias 
Fenestella morrowensis Mather. sis Mather 
Fenestella ovatipora, n. sp 

Fenestella frutex M’Coy............0.0-005 Fenestella cf. F. frutex M ‘Coy 

Fenestella chesterensis Condra & Elias____—_Fenestella cf. chesterensis Condra & Elias..... F. stocktonensis Condra & Elias 


Fenestella serratula Ulrich 
Fencstella tenax 
Fenestella cestriensis Ulrich 


Fenestella rara, n. sp 
Fenestella cestriensis Ulrich 


Fenestella serratula Ulrich........... 


Fenestella cumingsi & cumingsi Condras & Elias. 
Fenestella tenax F. tenax Ulrich 


. -F. serratula Ulric 
.F. cumingsi Condra & Elias 


F. perminuta Ulrich 


Fenestella paradisensis Condra & Elias____Fenestella paradisensis Condra & Elias 
Fenestella paradisensis var. ardmorensis, 


Nn. var. 


Fenesteverta nicklesi, n. gen., n. sp. 


Archimedes swallovanus Hall.............. Archimides psi 


eudoswallovanus n. sp. 


Archimedes stoyanowi & Elias___t__ Archimedes ardmorensis, n. sp. 


Archimedes meekanus 


‘Archimedes cf. A. meekanus Hall 


Archimedes meekanoides McFarlan_______Archimedes meekanoides McFarlan 


Archimedes pitkinensis n. sp Archimedes pithinensis n. sp. 

Archimedes distans Ulrich Archimedes distans Ulrich 

Archimedes rigidus, n.sp........ GeiNsiaimaee Archimedes rigidus n. sp. 

Archimedes sublaxus Ulrich Archimedes cf. A. sublaxus? Ulrich Fee 

Polypora biseriata Polypora (Polyporella) ovicellata, n. sp.. . .P. whitei Ulrich 
Polypora cestriensis Ulrich Polypora debilis, n. sp. 

Thamniscus Ulrich_______Thamniscus Erectus, N. SP... T. tenuiramus Rogers 
Septopora decipiens Septopora cf. S. Ulrich nata Ulrich 
Pennsretepora minor Ulrich............... Penniretepora po n. sp.__ P. bellula Ulrich 


Note: Solid lines indicate close relationship of the species; dotted lines indicate more distant relationships. 


| 
| 

. 
} 


M. K. ELIAS 


TABLE 7.—STRATIGRAPHIC DISTRIBUTION OF Archimedes IN THE CHESTER OF AMERICA 


. Re- | Paint | Gol- | Glen | Me- Kin- || Pit- 
Species nault | Creek | conda} Dean | nard Clore kaid kin 


— 


. pseudoswallovanus, n. sp. 


. ardmorensis, n. sp. 


. pitkinensts, n. sp. 


. terebriformis Ulrich 


. distans Ulrich 


. meekanus Hall 


. meekanoides McFarlan 


. invaginatus Ulrich 


. rigidus, n. sp. 


. perminimus Ulrich 


. swallovanus Hall 


. 


— 


. symmetricus McFarlan 


. bassleri McFarlan 


. communis Ulrich 


— 


. conicus McFarlan 


— 


. compactus Ulrich 


. proutanus Ulrich 


. laxus Hall 
. sublaxus Ulrich 


° 


dK 


. confertus Ulrich 


. tortuosus McFarlan 


tw 


. fosteri C. & E. 

. compactoides C. & E. 
. A. moorei C. & E. 

26. A. fragilis C. & E. 

27. A. lunatus C. & E. 

28. A. magnus C. & E. 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
. A. intermedius Ulrich 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
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four in the Redoak Hollow. Counting the 
common forms in a somewhat different way 
we can see that the Pitkin and Glen Dean- 
Menard interval have two species in com- 
mon; Pitkin and Clore four, and Pitkin and 
Kinkaid three. On the other hand the Me- 
nard and the Redoak Hollow have possibly 
only one species in common, A. perminimus ; 
Clore and Redoak Hollow three; and Kin- 
kaid and Redoak Hollow four. Hence the 
occurrence of species of Archimedes tends to 
indicate equivalency of the Upper Pitkin to 
the Clore, and of the Redoak Hollow to the 
Kinkaid of the classical Mississippian. Be- 
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sides, the occurrence of A. pseudoswallovanus 
exclusively in the Redoak Hollow may indi- 
cate its taking place of A. swallovanus, a very 
common form in the Menard and the Pitkin, 
but unknown in the Clore and the Kinkaid; 
and the Clore has another swallovanus-like 
species, its exclusive, presently undescribed 
form. 

Chetlotrypa distans also tends to indicate 
a younger age for the Redoak Hollow than 
for the Pitkin, as it appears to be more ad- 
vanced. 

BIBLIOGRAPHY for all portions is to 
appear in Part 4 of this study. 
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BIOSTRATIGRAPHY AND INTER-REGIONAL CORRELATION 
OF THE UPPER SENONIAN AND LOWER 
PALEOCENE OF EGYPT 


S. E. NAKKADY 
University of Alexandria, Egypt 


ABSTRACT—The biostratigraphic characters of the Campanian, Maestrichtian, 
Danian and Montian of Egypt are defined, and a world wide survey of these char- 
acters is made. Long range correlation of the Egyptian microfauna helps in estab- 
lishing universal stratigraphy of these geologic episodes. 


INTRODUCTION 


HE aim of the present work is to define 

the biostratigraphic characters of the 
upper Senonian (Campanian and Maes- 
trichtian) and the lower Paleocene (Danian 
and Montian) of Egypt, to establish the 
boundaries between these ages in Egypt, 
and to show their wide range of correlation 
with their contemporaries in many parts of 
the world. This study links the Egyptian 
formations with the history of the realm of 
the Tethys geosyncline, which has previously 
been shown to be very similar in episodes, 
and with almost identical faunas in many of 
its widespread parts. Examples are found 
in the Caucasus, Southern Europe, the 
Middle East and North Africa, as well as in 
the Gulf Coastal Region of the United 
States and the adjacent areas of Mexico and 
Trinidad. 

The data on which the present investiga- 
tion is based are the results of the study of 
4 sections in Western Sinai, 1 in Farafra, 2 
in the Eastern Desert, 1 in the Nile Valley 
and 2 in the Western Desert. All but the 
Farafra section (LeRoy, 1953), have been 
thoroughly examined by the writer. The 
uppermost Cretaceous and the earliest 
Tertiary ages of Egypt are represented 
throughout the country by widespread 
uniform deposits. The individual formations 
have been considered, and are still regarded 
by some recent workers, as time units. 
This interpretation has been the subject of 
considerable discussion over the past 50 
years, and the present investigation seeks 
to elucidate the problem. It has already 
been demonstrated that the upper forma- 
tions are only rock units (Nakkady, 1951), 
and this concept is herein expanded to 


demonstrate that all of the formations are 
independent of time boundaries. 
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THE STRATIGRAPHIC SEQUENCE 


1. Typically the sequence starts at the 
base with the ‘Nubian sandstone and 
phosphate formation,” a series of multi- 
colored sandstones, shales or clays, phos- 
phate, chert and oyster limestones. The char- 
acteristically nonfossiliferous sandstones are 
of variable thickness and lithologic charac- 
ter; they are overlain by the phosphate to- 
gether with the accompanying chert and 
oyster limestone. 

2. The Nubian sandstones are conform- 
ably overlain by the Exogyra overwegi for- 
mation,’’ a succession of clays, marls and 
limestones, with Exogyra overwegi as the 
characteristic fossil. The associated fauna 
includes Jsocardia chargensis, Scaphites 
kambysis, Roudatria drui, Libycoceras khar- 
gense, Cardita libyca and Cardita beaumont. 

3. Conformably lying over the Exogyra 
overwegi formation are the “‘Lower Esna 
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Text-Fic. 1—Schematic chart showing gradual shifting of facies 
due to transgressions and regressions. 


shales.’’ These ash-gray paper shales contain 
the following fossils, occasionally beautifully 
preserved in hard limonite: ‘Nautilus’ 
desertorum, ‘‘N.” applanatus, ‘‘N.”’ danicus, 
Nucula chargensis, Alaria schweinfurthi, 
Leda leia, Natica farafrensis, Pecten fara- 
frensis, Schizorhabdus libycus, Ventriculites 
poculum, and Diospyros schweinfurtht. 

4. The White Chalk: the white chalk, 
with Echinochorys fakhryi [=Ananchytes 
ovata] in the typical area, contrasts strongly 
with the conformable overlying and under- 
lying gray shales, clays and marls of the 
Upper and Lower Esna shales. This forma- 
tion is well represented in the Southern 
Oases of the Western Desert. It is also 
known from the Nile Valley, Eastern 
Desert and Sinai where it has different 
ages in various districts. The White Chalk 


offers an example of time boundaries cutting 
through rock units. In the Kharga Oasis 
(Gabal Ter and Gabal Um el Ghanayem) 
its microfauna is definitely of Danian char- 
acter, whereas it is all Cretaceous (Mae- 
strichtian or Campo-Maestrichtian) in the 
Eastern Desert and Sinai. 

5. ‘“‘The Upper Esna shales”’: these richly 
foraminiferal laminated gray clays, shales 
and marls, are devoid of macrofossils or very 
scarcely fossiliferous. This unit provides evi- 
dence for the rock unit character of the indi- 
vidual formations. The Cretaceous-Tertiary 
time boundary cuts through these shales at 
various intervals in different parts of the 
country, nullifying a previously assumed 
position as a rock-time unit. 

6. The ‘“Operculina limestone formation”’: 
In areas where sedimentation has been 
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continuous, the upper layers of the Esna 
shales are of Danian and/or Montian age 
and become largely marls. These marls 
pass in many cases imperceptibly into the 
overlying younger Paleocene formation, the 
Operculina limestone and chalky marl. The 
leading fossils in this formation, Nummulites 
deserti, N. globulus, Operculina libyca and 
Lucina thebaica, are associated with Cardium 
gigas, Cardium picteti, Cyprina scutellaria 
and Conoclypeus delanouet. 

The typical sequence of formations 
described as found in Gabal Um el Ghana- 
yem (Kharga Oasis) is not maintained in 
every locality. Usually one or more of the 
formations displays much variation in thick- 
ness and faunal character, even in nearby 
areas with an otherwise typical sequence. 

Pronounced lateral variation is noted in 
the formations of different localities; there- 
fore it is better to refrain from generalized 
thickness designations. In a comparatively 
small locality like Kharga Oasis, the lower 
Esna shales vary from 12 to 38 m. in thick- 
ness, the Echinochorys chalk from 6 to 20 m. 
and the Upper Esna shales may reach 80 m. 
or be completely absent. 

Tracing these marked variations in 
selected representative Egyptian areas 
would explain the comparative stratigraphy 
of the country in the time interval Upper 
Senonian-Lower Paleocene. However, such 
a study would demand a lengthy discussion 
beyond the scope of this work. The schema- 
tic chart shows gradual and continuous 
shifting of facies from north to south due to 
transgressions and regressions. The equiv- 
alency between the formations in the 
various localities is drawn on similarity in 
lithology and stratigraphic position and not 
on synchronism. 

From this schematic chart it is apparent 
that the transgression came from the north 
where earlier Upper Cretaceous had already 
been deposited in northern Sinai. In Sinai, 
beginning with early Campanian time, 
shallow water marls and chalks (massive 
chalk and bedded chalk of Raha scarp and 
G. Qabeliat) were deposited. Whereas much 
shallower deposits (the phosphates, the 
closely associated oyster beds and the 
Exogyra overwegi formation) or littoral 
facies (Nubian sandstones) were being ac- 
cumulated in the south. The presence of 


some deep water intercalations (lower Esna 
shales and the shaly bands in the Exogyra 
overwegi formation) are due to rhythmic 
marine oscillations. Still later, deeper waters 
prevailed over almost all Egypt and led to 
the formation of the upper Esna shales. All 
Egyptian seas were shallow again at the 
close of the early Paleocene time. This 
general recession may have accounted for 
the explosive evolution of Nummulites and 
formation of the Operculina and Nummulitic 
limestone. In areas where the Upper Esna 
shales and/or the overlying Operculina 
limestone seem to be missing, shallowing of 
the seas must have started earlier and 
resulted in the complete emergence of the 
sea floor in these localities until they were 
resubmerged under later Tertiary waters. 
This condition then accounts for the hiatus 
often observed between different members 
of the Upper Cretaceous and the uncon- 
formably overlying middle or upper Eocene. 
The facies chart gives an explanation for 
many of Egypt’s stratigraphic problems: 

1. That formations are not time units is 
demonstrated. The deep water facies (upper 
Esna shale) is of upper Maestrichtian, Danian 
and Montian ages in the north, but of Montian 
age only in the extreme south and of intermedi- 
ate ages in the central areas. The same rela- 
tionship has been observed in the White Chalk 
and some other underlying formations belong- 
ing to the shallow water and littoral facies. 

2. It accounts for the occurrence of a Mon- 
tian fauna in the uppermost layers of the upper 
Esna shales in the north and central districts, 
and its presence only in the overlying Oper- 
culina limestone formation of the regressive 
phase in the south. 

3. It explains why Nummulites deserti seems 
to appear earlier in the section in the north and 
central parts, e.g. El Guss Abu Said and Magqfi 
sections, but is retarded (appearing just below 
the Operculina limestone) in the Esna shales of 
the more southern districts (Gabal Um el 
Ghanayem, Kharga). 


BIOSTRATIGRAPHIC CHARACTER 
OF THE UPPER SENONIAN- 
LOWER PALEOCENE 


A discussion and broad survey of the, 
biostratigraphic character of the upper 
Senonian and lower Paleocene ages is 
possible because of the great wealth of 
literature on the Foraminifera of these ages 
indifferent countries. These faunas represent 
the climax of foraminiferal development and 
are of striking similarity or uniformity of 
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character in many regions. The classification 
utilized here for the stratigraphic interval, 
latest Mesozoic-earliest Cenozoic, t.e. Seno- 
nian and Paleocene, seems to be a logical 
one. 
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between it and the underlying Maestrich- 
tian, ‘‘Tuffeau de Saint Symphorien,”’ etc. 
This long-interrupted gap in deposition is 
partly or wholly represented in other areas 
by sediments which fill the lacuna between 


Periods Epochs 


| Ages 


Tertiary Paleocene 


{ Upper Thanetian 

{Lower Montian 
Danian 


Cretaceous Senonian 


| Upper Campanian 
Lower 
Coniacian 


MONTIAN 


The type locality for this stage is in Mons 
(Belgium), where the ‘‘tuffeau de Ciply”’ has 
provided a fauna which to most authors rep- 
resents the earliest Tertiary. The tuffeau 
de Ciply is separated from the underlying 
Upper Senonian “‘tuffeau de Saint Sym- 
phorien,”’ with its Belemnitella mucronata 
fauna, by a wide lacuna; but is conformably 
overlain by the ‘‘calcaire de Mons” and the 
lower Landenian. The scanty fauna known 
from this area is almost identical with that 
of the so-called ‘‘calacire pisolithique’”’ of the 
Paris Basin. There has been considerable 
divergence of opinion about the age of this 
mammilated Lithothamnium limestone; a 
question exists as to whether it is a true 
representative of the earliest Tertiary. 

With a paleontologic insufficiency and a 
stratigraphical confusion concerning the 
name, it may seem advisable to choose an- 
other formation somewhere else in the world 
as a better representative for this early 
Paleocene episode and attach to it all the 
importance given to the Montian—were 
it not for the traditional value associated 
with the name. Besides, the name is apt to 
lose much of its stratigraphical prestige as 
the earliest Tertiary stage if the Danian, 
which is regarded as the true earliest Paleo- 
cene, will be stepped one stride upward in 
the scale. The choice of this formation in 
Mons to represent the earliest Tertiary is 
unfortunate because there is a strong break 


the two stages and which contain examples 
of earliest Tertiary life. 

The meager fauna of the type Montian, 
in its present reported shape, is rather 
difficult to correlate with that of.’ other 
stratigraphically analogous formations in 
most parts of the world. It is true that Ten 
Dam (1947) and Marie claim 2 Montian 
age for the Bunde limestone of Limburg 
(determined as Middle Eocene by Van 
Bellen in 1946), on the grounds of identity 
of their faunas. But Ten Dam’s and Marie’s 
claims could also mean a wider range for 
the type Montian species, extending to the 
Lutetian of the Netherlands. Even if Van 
Bellen’s fauna from the Bunde Limestone is 
accepted as representative of the type 
Montian fauna, it would be most insuffi- 
cient as a type age indicator. The fauna hav- 
ing such wide-ranging species, extending in 
most cases to Middle Eocene, seems un- 
worthy of being a type representative to a 
definite episode in the geological scale. 

The fauna described by Ten Dam (1944) 
from the Paleocene of the northern Nether- 
lands is quite different from that of southern 
Netherlands (Limburg). Apart from Cibi- 
cides praecursorius (Schwager), the other 
few common wide-ranging species are strati- 
graphically insignificant. The difference in 
character of the two faunas is thought to 
have been due to an isolation of the northern 
Netherlands during Montian time and the 
consequent similarity of the Limburg fauna 
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only to that of the French-Belgian Basin. 
However, Brotzen (1948) stated that many 
typical species are common between the 
northern Netherlands and Swedish Paleo- 
cene and that the former is very similar to 
the higher Paleocene of Denmark. 

The Paleocene of Scandinavia has been 
studied exhaustively by Brotzen (1948), 
whose work indicates that: 

1. There is a break between the Danian and 
the rest of the overlying Paleocene both in Den- 
mark and Sweden, with basal conglomerates at 
the top of the Danian, containing remains and 
fossils from the Danian. 

2. The Paleocene of Sweden is equivalent to 
the lowest part of the Danish Paleocene known 
from the Copenhagen region, the macro- and 
microfauna being very much the same in the 
two regions. 

3. The fauna of the Paleocene of Sweden and 
the Lower Paleocene of Denmark are very 
much similar to that of the Upper Danian of 
Scandinavia, but with certain forms peculiar 
to each. 


Brotzen gave a Zealandian age for the 
Paleocene of Sweden and the Lower Paleo- 
cene of Denmark and a Thanetian age for 
the Upper Paleocene of Denmark. A com- 
parison of Brotzen’s fauna with that of the 
type Montian reveals a marked dissimilar- 
ity, only few stratigraphically insignificant 
forms are common, while definite Thanetian 
beds in France and Belgium contain well 
known foraminifera from the Swedish-Dan- 
ish Paleocene. This added to the fact that 
the Swedish-Danish lower Paleocene is very 
similar to that of the type upper Danian, 
would mean an earlier Tertiary transgression 
depositing the Scandinavian Lower Paleo- 
cene (Zealandian), before the type Montian, 
with a slight vertical extension to the base 
of the Thanetian. 

Egypt.—The problem of the Cretaceous- 
Tertiary boundary is not satisfactorily 
solved in most regions, owing to the in- 
significant and indecisive character of the 
type Montian and type Danian faunas, and 
the consequent difficulty of assigning one 
formation or the other to Danian or Mon- 
tian. This has led many authors in different 
countries to resort to the term ‘Dano- 
Montian.” To this chronological combina- 
tion were referred formations which have 
transitional faunas between the ‘“Creta- 


ceous”’ Danian and the well accepted Tertiary 
Montian. The same rule was also observed 
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in Egypt, but after this study, it is possible 
to specify the individual characters of the 
two stages Montian and Danian, and to 
group them both at the base of the Tertiary 
Paleocene. 

Although some authors have previously 
referred to the presence of Montian deposits 
in Egypt and recorded some of its fauna, the 
stage as a biostratigraphic unit remained 
undefined and uncorrelated. The micro- 
fauna of the Montian of Egypt ranges to the 
overlying Thanetian or the underlying 
Danian, with no species peculiar to it. Some 
may appear to be so restricted in certain 
areas. In spite of this handicap, it is possible 
to draw the limit between the Montian and 
the enclosing stages through observation of 
species ranges in the stratigraphic sequence. 
The lower boundary or the advent of Mon- 
tian is marked by the first appearance of the 
following species, which could also extend 
to Thanetian or even to Eocene: Num- 
mulites deserti de la Harpe, Operculina 
libyca (Schwager), Discocyclina nudimargo 
(Schwager), Cibicides rigidus (Schwager), 
Elphidium africanum Le Roy. The follow- 
ing species extend to the Montian from the 
underlying Danian: Eponides candidula 
(Schwager), E. lotus (Schwager), Sigmo- 
ilina probescidea (Schwager), Robulus isidis 
(Schwager), R. mellahensis var. wbesus 
Nakkady, Ancmalina umbonifera (Schwa- 
ger), Cibicides praecurosrius (Schwager), 
Glandulina caudigera (Schwager), Cancris 
auricula (Fichtell and Moll), Globigerina 
pseudobulloides Plummer, G. triloculinoides 
Plummer, G. esnaensis Le Roy, G. quadrata 
White, G. cretacea d’Orb. var. esnehensis 
Nakkady, G. bulloides d’Orb., Globorotalia 
crassaformis (Galloway & Wissler); G. 
crassata (Cushman) var. aequa Cushman & 
Renz, G. angulata (White), G. simulatilis 
(Schwager), Rotalia rigida (Schwager), Val- 
vulineria scrobiculata (Schwager), V. es- 
nehensis Nakkady. 

The upper limit of the Montian is drawn 
at the appearance and flooding of the 
Alveolines: Alveolina oblonga d’Orb., A. 
lepidula Schwager, and A. ellipsoidalis 
Schwager. These forms occur together with 
Triloculina oblonga (Montf.), T. trigonula 
(Lmk.), and Heterostegina ruida Schwager in 
the “‘Alevolina horizon” of Zittel’s ‘‘Liby- 
sche-Stufe.” 
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The biostratigraphic characters of the 
Montian, as described above, are best 
typified by the Eponides lotus subdivision of 
Le Roy’s Unit II (1953), of the Maqfi sec- 
tion (Farafra Oasis), considered hitherto as 
Lower Eocene, but assigned here as the true 
representative of Montian age in Egypt. 
Compared with the fauna of the underlying 
Danian, the two have many important ele- 
ments in common, forms which constitute 
the major part of that fauna. Actually a 
good part of the Danian fauna passes im- 
perceptibly into the Montian; the only 
change is the introduction of larger foram- 
inifera (Nummulites, Discocyclina and 
Operculina), which appeared in the warm 
shallowing regressing seas of the Montian. 
In addition, there is Cibicides rigidus and 
Elphidium africanum. 

There are at least 35 species common to 
the Montian and the Danian of Egypt; 16 of 
which are exclusive to these two ages in this 
region and do not extend down to Senonian. 

Correlation with regions —The 
“scanty” type-Montian fauna has very 
little in common with the Egyptian Mon- 
tian fauna. Cuibicides praecursorius and 
Globorotalia velascoensis are the only two 
correlating species. Both forms extend down 
into the Danian of Egypt but are restricted 
to Montian in the type area. 

The Egyptian Montian has a similar 
relationship with the Zealandian of Sweden, 
and Denmark. Only Globigerina triloculi- 
notdes, G. pseudobulloides and Anomalinoides 
dancia being common to both. These three 
forms are also known from the type Danian. 

The Montian fauna of Egypt may be 
correlated with the Hot Spring formation in 
the Caucasus, the so-called Lower Tertiary. 
They have in common the following species: 
Nonionella insecta, Eponides lotus, Cibicides 
praecursorius, Globigerina pseudobulloides, 
G. triloculinoides, Globorotalia crassaformis, 
G. simulatilis, G. velascoensis ; G. membrana- 
cea, Ramulina globulifera, Anomalina gros- 
serugosa. Of these species, the first three 
only are exclusive to the Caucasus ‘‘Lower 
Tertiary.”” The remainder, like those of 
Egypt, extend down to Danian or Senon- 
jan. 

The ‘‘Dano-Montian” episode in the 
geological history of the Middle East re- 
gions, as exhibited in the works of 


Henson (1938), Grimsdale (1951), Reiss 
(1952, 1956) and others, shows almost the 
same smaller foraminiferal species and 
ranges as in Egypt. Moreover, most of 
Reiss, ‘‘Danian and Paleocene”’ species 
occur also in the Danian of Egypt, as de- 
fined in this work. They occur also in the 
Danian of the Caucasus, the Velasco of Mex- 
ico, as well as in the Danian type locality. It 
is interesting, however, to note that Reiss 
has found that in Israel ‘‘within the Danian- 
Paleocene” complex, two main divisions 
may be distinguished: a lower part char- 
acterized by abundant Globigerinae and 
Discorbidae, and an upper part characterized 
by the abundance of Globigerinae and Globo- 
rotaliae. These conclusions coordinate well 
with earlier work of the author (Nakkady, 
1951) described as a Globotruncana zone, a 
“Buffer’’ zone, and a Globorotalia zone in the 
Mesozoic-Cenozoic transition of Egypt. 

The Egyptian ‘Buffer’ zone, of Danian 
age, is located between the underlying 
Globotruncana zone (of Maestrichtian age) 
and the overlying Globorotalia zone. The 
fauna has almost no Globotruncana or 
Glcborotalia, but has a rich Globigerina fauna 
of the Danian or late Maestrichtian types; 
together with some well known forms as: 
Gaudryina pyramidata Cushman, G. rugosa 
d’Orb., Verneuilina cretacea Reuss, Spiro- 
plectammina carinata (d’Orb.), Anomalina 
pseudoacuta Nakkady, A. umbontfera (Schwa- 
ger), Anomalinoides danica_ (Brotzen). 
The Globorotalia zone contains a number of 
Globorctalia species in abundance: G. angu- 
lata (White), G. crassaformis (Galloway & 
Wissler), G. velascoensis (Cushman), G. 
crassata var. aequa Cushman & Renz, G. 
simulatilis (Schwager), G. membranacea 
(Ehr.). This fauna had its beginning 
in the Danian, and it has much in com- 
mon with the Danian of the Caucasus, Vel- 
asco, and the type Danian. It extends 
more or less to the overlying Montian to 
become associated with the new distinguish- 
ing elements of that age. 

Because of the uncertainty over the 
Danian and Montian, Sigal (1949), ten Dam 
& Sigal (1950) and Hilly & Sigal (1951), 
referred the early Paleocene deposits of 
Algeria to Dano-Montian. Compared with 
the Montian fauna of Egypt, the Algerian 
Dano-Montian fauna has only 4 species in 
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common: Glebigerina pseudobulloides, G. 
triloculinotdes, Glcborctalia simulatilis, G. 
velascoensits. The fauna reported by Sigal 
(1949) is of particular interest for correla- 
tion. With no exception, all the 9 species 
identified are known from the North 
American upper Midway. AHoglundina 
scalaris (Franke), Allomorphina halli Jen- 
nings, and Globigerina pseudobulloides 
Plummer, are also well known from the 
Zealandian (Lower Paleocene). It seems 
that this ‘‘Dano-Montian”’ fauna of Algeria 
should be correlated with the upper Mid- 
way of the Gulf Coast and its equivalent, 
the Zealandian of Sweden, both of late Low- 
er Paleocene age. 

The Montian fauna of Egypt shows some 
affinity with the upper Midway of the Gulf 
Coast. The following species are common 
to both but are known also from the 
basal Midway and the Egyptian Dan- 
ian: Nonionella insecta, Eponides lotus, 
Cibicides praecursorius, Globigerina pseudo- 
bullides, G.  triloculinoides, Globorotalia 
crassata var. aequa, Globorotalia membrana- 
cea. None of the exclusive upper Midway 
species or the specific Egyptian Montian 
fauna have been found in common. The 
upper Midway (Wills Point, Naheola, and 
equivalent formations in the Gulf Coast 
Region) have been correlated by Brotzen 
(1948) with the Scandinavian Lower Paleo- 
cene. The basal Midway (Kincaid and equiv- 
alent formations) were correlated with the 
type upper Danian. The two American 
Paleocene stages have at least 60 restricted 
species in common. Of these there are pres- 
ent in the two corresponding Egyptian 
stages (Danian and Montian) the 7 species 
mentioned; and in the Egyptian Danian 
alone, the following 9 well known species: 
Loxostomum applinae, Siphogenerinoides 
eleganta, Gaudryina soldadoensis, Ellipsono- 
dosaria midwayensis, Robulus  pseudo- 
mammiligerus, Marginulina  tuberculata, 
Pleurostomella alternans, Nodosaria verte- 
bralis, Epistominella obtusa. From a compari- 
son of the ranges of the common species in 
the two basins (Egypt and the United 
States Gulf Coast Region) it appears that a 
good part of the important index species 
have comparable ranges. Seven species have 
the same Dano-Montian range in the Mid- 
way and Egypt; and nine others have similar 


ranges but are confined to the Danian in 
Egypt. 

The foraminiferal fauna of the Paleocene 
of California, is reported in the works of 
Laiming (1941), Martin (1943), Israelsky 
(1951, 1955) and others. These faunas were 
studied together with a section provided by 
the Standard Oil Company of California, 
from the west side of San Joaquin Valley 
(Cheyney Ranch Well No. 1) including the 
type Cheyneyan stage of Goudkoff and the 
overlying Plata formation. These faunas 
have nothing at all in common with the fauna 
which survived the late Lower Paleocene of 
Egypt. An interesting assemblage is com- 
mon, however, with the earliest Egyptian 
Paleocene (Danian), including some well 
known index species: Lexostomum applinae, 
Robulus pseudomammiligerus, Pleurostomella 
alternans, Spiroplectoides clotho, Dentalina 
megalopolitana, Gaudryina pyramidata, Cla- 
vulina parisiensis, Saracenaria triangularis, 
Marginulina tuberculata, Nodosaria affinis, 
Gumbelina globulosa, Bulimina  spinata, 
Gyroidina subangulata. The respective ranges 
of these common species in the two basins 
(Egypt and California) are shown on Table 
1. It appears that the Californian examples 
had wider ranges than their Egyptian kins. 
Of these 13 common Californian-Egyptian 
species, ten are known also from the Danian 
of the American Gulf Coast Region (basal 
Midway and Velasco) and five range to the 
upper Midway. Exclusive Californian Paleo- 
cene species, 7.e. those which do not range 
into older strata in California, are known 
also from Danian horizons. Loxostomum ap- 
plinae, Calvulinoides aspera, Robulus mid- 
wayensis, Marginulina tuberculata, Pleuro- 
stomella alternans, and Epistominella velasco- 
ensts are well known elements in the Danian 
of the U.S. Gulf Region. It seems likely that 
the California Paleocene can be tentatively 
correlated with the Danian of Egypt and 
the basal Midway. 


DANIAN 


The type area for the Danian stage is in 
Denmark, where the Lower Danian ‘“‘Bryo- 
zoan limestone”’ unconformably overlies the 
upper Senonian ‘“‘White Chalk.”’ Typically, 
this unit is represented in Stevns Klint and 
the Isle of Mors. However, near Voxlex in 
Jutland, Jessen & Odum (1923) noted the 
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\ TABLE J.—STRATIGRAPHIC RANGES OF FORAMINIFERAL SPECIES WITHIN THE UPPER SENONIAN- 
LOWER PALEOCENE OF EGYPT AND THEIR DISTRIBUTION IN THE Four BAsINs 
(T: Tethys, N: North European Basin, A: Atlantic American and P: Pacific American Basins) 


: Lower Ranges in the 
Senonian Paleocene Four Basing 


g 


Species 
jem Campan. Maestr. Danian Montian 


\ Campanian 


Low. Senon. 
Campanian 


Maestricht. 
jan 


ummulites deserti 
iscocyclina nudimargo 
es rigidus 
Cancris auricula 
Eponides candidula 
.| Sigmoilina proboscidea 
Nonionella insecta 
Nodosaria longiscata 
Eponides lotus 
..| Verneuilina 
Loxostomum 
quadrata 
ulimina cacumenata 
Rebus mellahensis, var. 


Gaudryina soldadoensis 
Ellipsonodosaria paleocenica = 
midwayen- 


Campanian 
Maestricht. 
Danian 
Dani 
Montian 


Montian 
Zz 
> 
3 


Cibicides praecursorius 
— Bulimina inflata ead 
Anomalina luxorensis 
Robulus isidis 
Spiroplectammina carinata 
Robulus pseudo: 

Palmula woodi 


arginulina tuberculata 
Globigerina pseudobulloides 
Globigerina triloculinoides 
Globigerina esnaensis 
crassata, var. 


= Globorotalia angulata 
Globorotalia simulatilis 
—|— | Globorotalia velascoensis 
Lenticulina gussensis 
Pleurostomella alternans 
Globorotalia crassaformis — 
Anomalina pseudoacuta _— 
Bulimina rugifera 
Frondicularia wanneri 


danica 
Anomalina umbonifera 
Dentalina megalopolitana 
Gaudryina pyramidata 

Robulus rotulata 


Alabamina midwayensis 


cenaria tri 
Siphogenarina esnehensis 
Palmula rugosa 
Valvulineria scrobiculata 


MK KKK KKK KKK KKK KK KOK KKK KKK KKK KKK KKK KKK KKK 


KKK KKK KKK KK KKK KKK KK KK 


KK KKK KKK KKK 


XK 


| 
\- 
ro, Nodosaria affinis 


MESOZOIC-CENOZOIC BIOSTRATIGRAPHY 437 


i P Lower Ranges in the 
—* Senonian Paleocene Four Basins 


Species Lower Campan. Maestr Danian Montian 
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Frondicularia archiaciana 
Ramulina aculeata 
Pullenia quinqueloba 
Globigerinella aspera 
Gyroidina florealis 
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Rectoglandulina caudigera 
Globigerina mckannai 
Globigerina quadrata 
Valvulineria brotzeni 
Gaudryina laevigata 
Verneuilina cretacea 
Palmula reticulata 
_|— | Glandulina laevigata 
Loxostomum limonense 
orbis pseudoscopos 
Pseudoclavulina clavata 
Nodosaria zip 
Bolivinoides decoratus 
Globigerina cretacea 
Gyroidina nitida = 
Eouvigerina aegyptiaca 
Rugoglobigerina reicheli 
Reussella aegyptiaca 
Lenticulina reniformis 
Bolivinoides rhomboidea 
Bolivinoides peterssoni ees 
Pseudotextularia varians a 
Frondicularia esnehensis 
Siphogenerinoides oveyi 
Ventilabrella carseyae 
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Globotruncana aegyptiaca 
vulinoides trilatera, var. 
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Globotruncana cretacea 


Ventilabrella eggeri 
Pseudotextularia elegans 
Ammobaculites taylorensis 
Vaginulina taylorana 
Ellipsonodosaria exiliis 
Globotruncana sudrensis 
Pseudogaudryinella capitosa 
Lenticulina ovalis 
Gumbelina reussi 
Nodosarella gracillima 
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presence of a transitional layer between the 
Bryozoan limestone and the Maestrichtian 
White Chalk. In the lower part of this 
transitional deposit there is a characteristic 
Senonian fauna, whereas the fauna of the 
upper part is a mixture of species that are 
common to Senonian and Danian—a single 
Senonian species and a majority of exclu- 
sively Danian forms, including Tylocidaris 
vexilifera, Agiope faxensis and Echino- 
chorys sulcatus. Just which of the Danish 
formations are to be included within the 
type upper Danian or are to be attached to 
the overlying Montian has been a contro- 
versial subject among Danish geologists. 
It is not the object of this work to become 
involved in that subject (Ravn, 1925). 

The type microfauna.—The type Danian 
microfauna occurring in the ‘‘Bryozoan’”’ 
and ‘‘Coccolith” chalk and the overlying 


“Crania” limestone is separated from the 
Pseudotextularia elegans fauna of the under- 
lying uppermost Maestrichtian by a small 
lacuna. The fauna exclusive to the type 
formations seem to be stratigraphically in- 
significant, but the associated wider-ranging 
species are valuable elements in the Danian 
fauna of many regions. Such species as 
Nonion graniferum, Glcbigerina triloculi- 
notdes, G. compressa, G. pseudobulloides, G. 
cretacea, Bolivina primatumida, Alabamina 
midwayensis, Loxostomum applinae, Kar- 
reria fallax, Bolivinita selmaensis, Anomali- 
noides danica, Coleites reticulosus, Globi- 
gerinella aspera, Citharina plumoides, Epo- 
nides lunata, Valvulineria laevis and Parella 
lens are apt to be encountered in most 
Danian formations; they can be of some 
stratigraphic value though not exclusive to 
the age. A substantial advance in our knowl- 
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edge of the Danian microfauna came as a 
result of the works of Keller (1936), Subbo- 
tina (1936) and Glaessner (1937), who recog- 
nized a rich microfauna associated with a 
Danian macrofauna in the deposits of the 
western Caucasus: Echinocorys sulcatus 
Goldf., Coraster villanovae Cott., Coraster 
muniert Seunes, Exogyra semilis Pusch., 
Gryphaea pitcheri Mort., ‘Nautilus’ cas- 
sintanus Foord & Crick, ‘‘ Nautilus’ dani- 
cus Schloth. The subsequent works of Kel- 
ler (1939) and Wicher (1949) successfully 
correlated that fauna with the rich fauna of 
the Danian Velasco of Mexico and added to 
our knowledge about the character of the 
Danian fauna. 

The Danian fauna in the Scandinavian 
region has at least 14 known species exclu- 
sive to the Danian-Montian, against just 
one species exclusive to the Maestrichtian- 
Danian, and about 6 species which range 
throughout from Maestrichtian to Montian. 
These relationships support a Paleocene age 
for the Danian. 

The Danian in Egypt——The Danian is 
represented in Egypt by important deposits 
and a very characteristic fauna. As defined 
in this work, it should include all the forma- 
tions and fauna lying between the upper 
surface of the Globotruncana zone (Nakkady, 
1951), with the topmost extension of the 
Globotruncana species which reach this level, 
and the first appearance of a Montian fauna 
with Nummulites deserti, Operculina libyca, 
etc. It is necessary to emphasize the “‘true”’ 
appearance of this fauna, because occa- 
sionally big rock masses slide from this 
Montian horizon, settle among older strata, 
and cause stratigraphic confusion. An ex- 
ample of this feature is illustrated by the 
so-called Unit III of the Magqfi section (Le 
Roy, 1953)—a seven-foot massive crystal- 
line limestone layer with a Montian fauna 
is enclosed from above and below by a shale 
with a Danian fauna. 

The character of the Danian fauna of 
Egypt and its differentiation from the un- 
disputed Cretaceous fauna of the Maestrich- 
tian can be analyzed through 4 elements: 

1. Species exclusive to the horizon. 


2. Species passing from the horizon to the 
overlying Montian. 


3. Species terminating at or near the 

Maestrichtian-Danian boundary. 

4. Species ranging from Maestrichtian to 

Danian. 

Many of the exclusively Danian species 
of Egypt, have wider ranges in other regions. 
They may range upwards to younger hori- 
zons: Loxostomum applinae, Siphogeneri- 
noides eleganta, Ellipsonodosaria midway- 
ensis, Robulus pseudomammiligerus and 
Marginulina tuberculata, which are known 
from both Danian and Montian of the 
United States Gulf Coast Region. They may 
range upward into Montian and downward 
into Senonian of other regions: Spiroplec- 
toides clotho, Bulimina rugifera, Eponides 
lunatus, Nodosaria vertebralis, Gyroidina 
subanguiata, Dorothia bulleta, Allomorphina 
trigona and Ramulina aculeata. A few are 
known only from older horizons in other re- 
gions: Lenticulina rentformis, Dorothia conu- 
lus and Bolivinopsis rosula. Few of the ex- 
clusively Danian species in Egypt are ex- 
clusive to Danian in other regions: Vulvu- 
lina colei of the Caucasus, Alabamina obtusa 
and Gaudryina scldadcenis in the lower Mid- 
way, and Bolivinoides velascoensis in the 
Velasco of Mexico. The species which pass 
in Egypt from Danian to Montian: like 
Nonionella insecta, Eponides lotus, Cibicides 
praecursorius, Globigerina triloculinoides, G. 
pseudobulloides, Globorotaliae, crassaformis, 
crassata vars. aequa, angulata, simulatilis, 
membrancea, velascoensis, and Anomalinoides 
danica have almost the same ranges in most 
other regions. 

The sudden flooding of the Globorotaliae 
of this fauna and their domination over 
other members of the fauna, mark a con- 
spicuous horizon in the Danian of all Egyp- 
tian sections. Globorotalia seems to be re- 
tarded in appearance in some sections with 
an expanded Danian ‘‘Buffer’’ zone (Nak- 
kady, 1951). Said & Kenawy (1956) ob- 
served this retardation in one of their Sinai 
sections and therefore regarded most of the 
planktonic forms as of negligible value in 
constructing zones. In their failure to find a 
plausible explanation for this retardation of 
Globorotalia, those authors draw a ‘“Trun- 
corotalia surface” cutting diagonally through 
strata and time lines to demonstrate lack of 
chronologic significance. They also substi- 
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tute the many species of Globorotalia as a 
zone marker with Neoflabellina jarvisi. The 
writer has had a chance to examine types of 
N. jarvist and to compare them with the 
Said & Kenawy hypotypes of that species 
as well as those of their NV. rugosa from the 
Maestrichtian. The Maestrichtian speci- 
mens, as well as those which the writer ex- 
amined from other sections, do not differ 
from the Paleocene ones and the form can- 
not be accepted as a time marker. In con- 
trast, the stratigraphic value of Globorotalia 
in the Paleocene has been well established by 
many authors: Reiss (1952, 1956), Grims- 
dale (1951), Subbotina (1936, 1939), Keller 
(1936), Glaessner (1937), Wicher (1946), 
Loeblich & Tappan (personal communica- 
tion), and Nakkady (1949, 1951). The re- 
tardation in the appearance of Globorotalia 
in some sections does not minimize its strati- 
graphic value. In Egypt, variation in the ap- 
pearance of Globorotalia in the different sec- 
tions is negligible in comparison to the dis- 
tance. Also, it is believed that variations in 
the Globigerina zone do not imply uncon- 
formity, such as Reiss (1956) suggests, be- 
tween Maestrichtian and Dania. A con- 
siderable portion of the Maestrichtian 
fauna extends into the overlying zone and 
some of the globigerines of the Globigerina 
zone are also present at some localities in the 
underlying Globotruncana zone. 

Comparing the characteristic Danian 
fauna with the Cretaceous fauna which 
stops near the Maestrichtian- Danian bound- 
ary, a conspicuous change is observed. At 
this boundary all flourishing species of 
Globotruncana, together with other con- 
spicuous elements of the upper Maestrich- 
tian fauna, suddenly disappear. Such well 
known index fossils as Spiroplectammina 
excolata (Cushman), Bronnimanella plum- 
merae (Loetterle), Reussella aegyptiaca Nak- 
kady, Bolivinoides peterssoni Brotzen, Pseu- 
dotextularia varians (Rzehak), Allomorphina 
navarroana Cushman, Marginulina stlicula 
(Plummer), Globotruncana gansseri Bolli, 
Robulus pondi Cushman, Gumbelina exco- 
lata Cushman, Planoglobulina acervulinotdes 
(Egger), Rugoglobigerina reicheli Bronni- 
mann, Frondicularia archiaciana d’Orb., 
Frondiculania linearis Franke, Pleudovi- 
gerina cretacea Cushman, Bulimina cush- 
mant Sandidge, Neobulimina canadensis 


Cushman & Wickenden, Virgulina tegulata 
Rss., Gumbelina striata (Ehr.), Globotrun- 
cana arca (Cushman), G. aegyptiaca Nak- 
kady, G. esnehensis Nakkady & Osman, G. 
cretacea Cushman, Pseudotextularia elegans 
(Rzehak), and Ventilabrella eggeri Cush- 
man are no longer observed. 

Species initiated with the Danian, are 
found to exceed in number the species that 
are common to Maestrichtian and Danian. 
These latter forms are either stratigraph- 
ically insignificant, as most of them are, 
though having long ranges (in many cases 
from Montian to lower Senonian) or their 
survival is naturally expected in such a 
basin of continuous deposition. 

Correlation with other regions—Compared 
with the Danian in the type area, the 
Danian of Egypt is found to contain the fol- 
lowing common forms: Alabamina midway- 
ensis, Globigerina triloculinoides, G. pseudo- 
bulloides, Loxcstomum applinae, Eponides 
lunatus, Anomalinoides danica, and Globi- 
gerina cretacea. Four of these well known 
species have the same ranges in the two re- 
gions; Alabamina midwayensis, Loxostomum 
applinae and Eponides lunatus are confined 
to Danian only in Egypt. 

The Danian fauna of Egypt is well repre- 
sented in the Danian of the Caucasus; sev- 
eral species are common to the Danian of 
the two regions. There are, however, some 
Egyptian Danian or Danian and Montian 
species, such as Loxostomum applinae, 
Nontcnella insecta, Eponides Ictus and 
Cibicides praecurscrius, that are confined to 
Montian in the western Caucasus. Egyptian 
species which form the greatest part of the 
Danian fauna in Egypt, range in the western 
Caucasus through Danian and Montian; 
another support for a Tertiary position for 
the Danian in general. 

A similar picture to the Egyptian Danian 
is offered by the so-called ‘‘Danian and 
Paleocene” of Israel. The lower part con- 
tains abundant Glubigerina; these same 
forms also flood the upper part which is 
marked by the sudden flooding of Globoro- 
talia. Out of 41 species mentioned in this 
“Danian and Paleocene” horizon, at least 
the more important 23 are well represented 
in the Danian of Egypt an indication of a 
similar Danian age for the Israeli horizon. 

The so-called ‘‘Dano-Montian”’ or ‘‘Paleo- 
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cene” of Algeria, can be correlated with the 
upper Midway of the U. S. Gulf Region or 
the Zealandian of Sweden. In addition, it 
contains two exclusively Egyptian Danian 
species: Marginulina tuberculata and Robu- 
lus pseudomammiligerus, as well as four 
Egyptian Danian-and-Montian species: 
Globigerina pseudobulloides, G.  triloculi- 
noides, Globorotalia velascoensis, and G. 
simulatilis. 

The fauna of the Egyptian Danian is well 
represented in the United States Gulf 
Coast formations and particularly in the 
Midway. The Egyptian Danian can be 
readily correlated with the basal Midway. 

Seven species have almost the same 
Dano-Montian range; three are exclusive 
to Danian in both areas. Twelve species ex- 
tend to the upper Midway but are confined 
to Danian in Egypt; one extends upward to 
Montian in Egypt but remains only in the 
lower Midway of the Gulf Region. Four spe- 
cies have wide ranges from upper Midway 
to Senonian, another four do not reach the 
Midway from the Senonian in that region, 
and two are exclusively in upper Midway. 

The Velasco shale of the Tampico Region 
of Eastern Mexico contains a fauna which 
correlates with that of the Danian of Egypt. 
There are at least 30 well known common 
species which show remarkable coincidence 
of their ranges in this episode of the two re- 
gions. Three of the 4 Egyptian Danian spe- 
cies which occur also in the Chicontepec of 
Mexico are of little stratigraphic signifi- 
cance. The fourth species, Loxostomum ap- 
plinae, is known also to occur in Danian 
horizons in other regions, e.g. the type 
Danian and the lower Midway of the United 
States Gulf Coast. 

The Danian fauna of Egypt finds ample 
resemblance in the ‘‘Paleocene” of Cali- 
fornia. Of the 13 Egyptian-Californian com- 
mon species, five are exclusively in Egyptian 
Danian elements and the rest range more- 
or-less to older Senonian but not to younger 
Montian. The ‘Paleocene’ of California 
could also be tentatively correlated with the 
basal Midway. 

Summary.—From this brief survey, it ap- 
pears that the Danian of Egypt can be 
compared with contemporaneous deposits in 
many regions. It is particularly close to the 
Danian of the Caucasus, the ‘“‘Danian and 


Paleocene” of Israel, the lower Midway of 
the United States Gulf Coast, and the Velas- 
co of Mexico. With a presentation of its bio- 
stratigraphic characters and tracing of its 
inter-regional relations, there is no longer 
much reason for controversy about the pres- 
ence of Danian in Egypt or elimination of 
the term from the stratigraphy of the Near 
East (Tromp, 1949). 


DANIAN IN THE STANDARD STRATI- 
GRAPHIC SCALE 


The dividing line between Cretaceous and 
Tertiary has been a controversial subject in 
most countries, particularly for those re- 
gions which show some indications of con- 
tinuity of deposition. Various pertinent 
features have been argued and disputed in 
the past, but the evidences set forward in this 
study seem to be convincing for a Tertiary 
age for the Danian, at the base of Paleocene. 
The dividing line separating major strati- 
graphic divisions as between groups or sys- 
tems, e.g. Mesozoic-Cenozoic or Cretaceous- 
Tertiary, had best be chosen in a position to 
mark substantial differences of fauna. In 
parts of the world the ammonites range to 
the end of the Mesozoic but end abruptly at 
the top of the Maestrichtian. A similar pic- 
ture is found also among the microfauna; 
Globotruncana and associated upper Senon- 
ian elements exhibit a sharp termination 
where the Maestrichtian upper surface is 
drawn. It is true that in certain regions, like 
the North European facies, Globotruncana 
does not reach its maximum development 
this late but dies out mainly at the Campan- 
ian-Maestrichtian boundary. In this area, 
however, the substituting upper Maestricht- 
ian elements such as Pseudotextularia elegans, 
Palmula reticulata, and Bolivinoides peters- 
soni are almost equally distinctive. 

A substantially different fauna on the 
other side of the boundary, that is in the 
Lower Danian, contains a meager portion 
of the rather insignificant survivors, which 
persist weakly for some time before dying 
out completely. The major portion is made 
out of the newly-appearing Tertiary life 
which starts unimpressively at first but 
dominates an undisputable Tertiary fauna, 
similar to the Montian, by Middle and Up- 
per Danian time. 

Between these two substantially different 
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faunas, a sharp line could be safely installed 
to mark the end of a dying era, the Mesozoic, 
and the beginning of a new one, the Ceno- 
zoic. Almost everywhere in the world 
(Scandinavia, Caucasus, Middle East, 
Egypt, Algeria, United States Gulf Coast, 
and Mexico) the distinction between Danian 
and Maestrichtian (paleontological as well 
as stratigraphical) is greater than that be- 
tween Danian and Montian. Even in re- 
gions where deposition has been continuous 
throughout the Mesozoic-Cenozoic transi- 
tion, (as in some parts of Egypt) this rela- 
tionship can be demonstrated. In some re- 
gions (Algeria and the Middle East) it is 
difficult to separate the Danian from the 
Montian and the formations have been col- 
lectively called ‘‘Dano-Montian” or ‘‘Dani- 
an and Paleocene.”’ Relationships between 
the faunas of the two lower Paleocene divi- 
sions, Danian and Montian (Crania lime- 
stone and lower Zealandian of Scandinavia, 
lower and upper Midway of the United 
States, Tsitse and Hot Springs formations of 
the Caucasus, etc.) are too closely similar to 
be contrasted effectively. 


MAESTRICHTIAN 


The type locality for the Maestrichtian is 
near Maestricht in the Netherlands prov- 
ince of South Limburg. The Maestricht 
Chalk, a neritic deposit of the North Euro- 
pean Cretaceous sea, has yielded a rich well 
preserved microfauna, that has been made 
known through the works of Reuss (1851, 
1861), Raadshooven (1940), Schijfsma 
(1946), Hofker (1949), Visser (1951), and 
others. It contains such world famous spe- 
cies as Bolivinoides peterssont, Palmula 
reticulata, Pseudotextularia elegans, Bolivi- 
noides dracomiliaris, Bolivina incrassata, 
Stenstéina pommerana, Bolivina decurrens, 
Bolivinoides paleocenica, etc., some of which 
are exclusive to the age and with such short 
ranges that they may be used to mark 
horizons within the Maestrichtian, locally. 
For example, Palmula reticulata, Bolivina 
decurrens and Stensidina pommerana in 
Egypt mark a thin horizon at the top of 
the Maestrichtian. Bolivinoides peterssoni 
and particularly Pseudotextularia elegans are 
markers for the upper Maestrichtian in 
Scandinavia. 

Although most of the Maestrichtian spe- 
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cies are present also in the underlying Cam- 
panian in the type area (South Limburg), 
the later stage can be distinguished by the 
presence of some characteristic well known 
forms as Palmula reticulata, Pseudovigerina 
cimbrica, Bolivinoides peterssont, Pseudo- 
textularia elegans, Loxostomum limonense, 
and Reussella tricarinata. The type stage 
correlates well with contemporaneous for- 
mations in the neighboring regions of the 
North European Basin; most of the species 
are common to both. 

There is no doubt but that many elements 
of this so-called North European facies are 
represented in the southern regions, where 
they have similar ranges. There is, however, 
a remarkable scarcity, almost absence, of 
Glebotruncana from the North European 
fauna. The Maestrichtian of the Nether- 
lands contains the last survivor of the genus 
in that region, G. linnez (d’Orb.), but this 
is little compared with the maximum de- 
velopment the genus attains in the southern 
regions. 

The Maestrichtian in Egypt.—Our knowl- 
edge of the Maestrichtian of Egypt is more 
clear and less controversial than of other 
ages represented in this country. Maestrich- 
tian formations are well represented in 
many parts. The so called ‘‘Upper Creta- 
ceous Chalk”’ is partly Maestrichtian and 
so are the basal layers of the ‘‘Upper Esna 
shales ” but only in the northern districts 
such as Sinai. The Egyptian microfauna is 
rich and representative; characteristic cos- 
mopolitan species are present. Many are ex- 
clusive to the age, and some are markers of 
fixed horizons, while several also range to 
the underlying Campanian or overlying 
Danian. Palmula reticulata, Eouvigerina 
aegyptiaca, Bronnimanella plummerae, Reus- 
sella aegyptiaca, Planoglobulina acervuli- 
noides, Rugoglobigerina retcheli, Bolivina 
decurrens, Stensiéina pommerana, and Pseu- 
dotextularia elegans distinguish the top 
layers of the stage and but few of them sur- 
vived into the earliest Danian. 

Globotruncana is well represented in the 
Egyptian Maestrichtian by several species. 
G. ganssert Bolli, which ranges near the 
upper central part of the stage; G. arca and 
G. cretacea, together with many other spe- 
cies have continued from Campanian. All 
representatives die out en masse at or be- 
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fore the end of Maestrichtian time. This 
limited range is shared also by various spe- 
cies of the other most flourishing genus 
Gumbelina. 

Other Maestrichtian forms exclusive to 
the age in Egypt, or just surviving into the 
basal layers of the Danian are: Bolivincides 
decoratus, B. peterssont, Allomerphina navar- 
roana, Marginulina silicula, Pseudovigerina 
cretacea, Bolivina incrassata, Ventilabrella 
carseyae, Pseudotextularia varians, Lexosto- 
mum limonense, Virgulina tegulata, Bulimina 
murchisoniana and Siphogenerinoides cveyi. 
The upper limit of the Maestrichtian in 
Egypt can be drawn at the mass disappear- 
ance of the most characteristic Cretaceous 
species which flourished at that time: 
all Globctruncana, and nearly all the 
Heterohelicidae (Pseudotextulariae, Gumbeli- 
nae, Bolivinoidae, Ventilabrellae, and Sipho- 
generinotdes). 

The lower limit of the age, its junction 
with the underlying Campanian, is not so 
distinctly marked. Many of the Campanian 
species continue with about the same in- 
tensity into Maestrichtian. It is possible 
to draw the line between the two ages on 
the basis of the first appearance of an as- 
semblage of forms which are known to be ex- 
clusively Maestrichtian in many regions 
and which seem to conform with this rule in 
Egypt. The first appearance in the sequence 
of an assemblage containing such forms as 
Bolivinoides peterssont, Pseudctextularia vari- 
ans, Ventilabrella carseyae, Globotruncana 
ganssert, and Loxostomum limonense, marks 
a Maestrichtian age. In addition, there are 
some Egyptian Maestrichtian species of 
stratigraphical importance and numerical 
frequency, such as Siphogenerinoides oveyi, 
which is not known to range into Cam- 
panian. 

The Maestrichtian in Egypt was tenta- 
tively zoned by Nakkady & Osman (1954) 
on the restricted ranges of some Globotrun- 
cana species. The zones are of local strati- 
graphic value for the sections sampled and 
may prove to be of some regional use in the 
future. 

It has been noted that certain well known 
forms are restricted to the lower layers of 
the Maestrichtian sequence, whereas others 
constantly show up only in the upper layers 
of the several Egyptian sections examined. 


Because of this difference the following 
subdivisions are suggested: 

1. The upper Maestrichtian is characterized 
by the presence of: Palmula reticulata, Rugo- 
globigerina reicheli, Bronnimanella plummerae, 
Anomalinoides danica, Pseudotextularia ele- 
gans, and Stensiéina pommerana. 

2. The lower Maestrichtian is distinguished 
by: Globotruncana contusa, G. gansseri, Pseudo- 
textularia varians, and Anomalinoides plum- 
merae. 

Correlation with other regions —Com- 
pared with the Maestrichtian of the type 
area the Egyptian Maestrichtian shows a 
remarkable synchronism of ranges of some 
well known species. Others show wider 
ranges in the Dutch region. 

The Egyptian fauna’s close relationship 
with the Maestrichtian of Scandinavia and 
the French-Belgian Basin is readily appar- 
ent (Table 1). 

Although most of the common Egyptian 
Caucasian Maestrichtian species have longer 
ranges in the Caucasus than in Egypt, some 
well known forms such as Bolivina incras- 
sata, Spircplectammina dentata, Pseudotex- 
tularia varians, Globigerina cretacea, Mar- 
sonella oxycona, Gumbelina glcbulosa and 
Robulus rotulata have almost the same 
ranges in the two regions. 

Israel’s Maestrichtian microfauna shows 
many of the same species and ranges as the 
Egyptian contemporaneous episode. The 
minor differences exhibited by certain 
ranges, which should naturally be expected 
between any two regions, may be narrowed 
in the future with more work. 

The Algerian Maestrichtian shows a 
fauna comparable with the Egyptian one. 
Pseudotextularia varians, Spiroplectammina 
dentata, Glcbctruncana contusa, G. calici- 
formis, G. arca and Gumbelina globulosa have 
almost the same ranges in the two regio s. 

A comparison of the ranges of the Mae- 
strichtian species common between the 
American Gulf Coast Region and Egypt re- 
veals that a few forms which range into the 
Paleocene of the Gulf Region; most of the 
remaining species have the same ranges. 

The Maestrichtian microfauna of Egypt 
correlates with that of the Tampico embay- 
ment of Mexico. The ranges of the strati- 
graphically important common species syn- 
chronize well in the two regions. 

Trinidad faunas show a marked similarity 
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to the Egyptian material, especially in the 
ranges of Globotruncana. It is also worth 
mentioning that Trinidad’s Paleocene fau- 
nas (Soldado and Lizard Springs) have some 
common species with the Egyptian Paleo- 
cene, with comparable ranges. Among these 
are: Gaudryina soldadoensis, Stphogeneri- 
noides eleganta, Globorotalia crassata, var. 
aequa, Globorotalia pseudomenardii and 
Spiroplectammina excolata. 

The ranges of Maestrichtian species com- 
mon between California and Egypt make it 
appear that there was a remarkable simi- 
larity of faunal character during these epi- 
sodes in these regions. 


CAMPANIAN 


The early upper Senonian episode derives 
its name from the type locality ‘“Cham- 
pagne,”’ a small chain of hills near Cognac 
in the Aquitaine. Though the characteristic 
foraminifera of this stage in the type area is 
incompletely known, our knowledge of the 
microfauna representing the age is growing 
rapidly through contributions from con- 
temporaneous formations in other regions. 
The character of the Campanian fauna of 
the nearest region to the type area, appears 
in the work of Marie (1941) on the Belemni- 
tella mucronata chalk of the Paris Basin. 
This chalk is believed by Schijfsma (1946) 
to be of middle and upper Campanian age; 
he denies the presence of Maestrichtian in 
the Paris Basin. The ‘‘Craie de Meudon,” 
the “‘Craie superieure de Reims,’ ‘‘Craie 
superieure d’Hardivillers,”’ and the ‘‘Craie 
phosphatee de la Picardie,” are considered 
to be all Campanian. It is on this concept 
that the Campanian fauna of that region is 
visualized here. Marie’s judgment for a 
Maestrichtian age of the fauna he mentions 
in his works of 1937 may also be retained, 
for the ‘“‘Craie de Meudon”’ can be Mae- 
strichtian in part. 

The Campanian of the North European 
Basin is best exhibited in the work of Schijfs- 
ma (1946), on the ‘“‘Hervian’”’ of South Lim- 
burg and the works of Brotzen (1936, 1945). 
The Hervian material, consisting of 91 spe- 
cies and varieties, shows an affinity to the 
Maestrichtian fauna, with 47-48 species in 
common, The Scandinavian Campanian 
also shows a strong relation to the Mae- 
strichtian of its region. Of 52 species repre- 
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senting that Campanian, 38 occur also in 
the overlying Maestrichtian. The differ- 
entiation of Maestrichtian and Campanian 
deposits in these regions. and in most other 
regions, is not as easy as the distinction be- 
tween Maestrichtian and Danian. In the 
North European Basin, certain formaniferal 
species seem to be restricted to Maestrich- 
tian, enabling the stratigrapher to draw the 
boundary line between the two stages. Such 
species as Pseudotextularia elegans, Belivi- 
noides peterssont, B. paleocenica, B. draco- 
draco, B. decorata gigantea and Parella lens 
were found to qualify in most regions. 

The Campanian in Egypt——The forma- 
tions that are known to pertain to this age 
in Egypt are widespread over many parts of 
the country: northern, central, and western 
Sinai; Abu Roash; Bahariya; Qoseir; Up- 
per Egypt, Dakhla, etc. They are also 
varied in lithology, from chalks, phosphates, 
cherts, oyster limestones to sandstones and 
bone beds. 

Its microfauna, though rich and varied, 
is hardly distinguishable from that of the 
overlying Maestrichtian. Only by careful 
analysis of the fauna and elimination of ex- 
clusively Maestrichtian elements can the 
age be assigned. In most cases, the fauna 
passes imperceptibly into Maestrichtian. 
There are some species of restricted or al- 
most restricted Campanian range in Egypt: 
Globotruncana sudrensis, G. lapparenti, G. 
ventricosa, Spiroplectammina dentata, S. 
cretosa, Bolivina monilifera, Ammobaculites 
junceus, A. taylorensis, Loxostomum cush- 
mant and Nonitonella austinana, which can 
help in identification. 

The Campanian fauna in Egypt is found 
to compare best with that of contemporan- 
eous ages in the Caucasus, Middle East, 
United States Gulf Coast Region, Eastern 
Mexico, and California. The comparative 
study of their common faunas and species 
ranges helps to establish the age in Egypt 
and its inter-regional correlation. 

The few important common Campanian 
species serve to correlate the formations in 
the western Caucasus with Egypt. Similar 
ranges are apparent. The Campanian fauna 
of Israel and Egypt displays remarkably 
similar species and ranges. The distribution 
of the Campanian fauna in the Taylor and 
Papagallos, of the United States Gulf Re- 
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gion and Tampico embayment and in the 
Campanian of California shows a conspicu- 
ous similarity of the ranges of the species 
that are common between those regions and 
Egypt during these episodes. 


CONCLUSION 


The results achieved by this study may be 
summarized as follows: 


1. Gradual shifting of facies during trans- 
gressions and regressions was responsible for 
age and faunal differences of the formations ob- 
served in the different districts. - 

2. The biostratigraphic characters of the 
four upper Senonian-lower Paleocene ages in 
Egypt are defined and the boundary lines be- 
tween them are drawn: 

a. The Montian is supposed to start with 
the appearance and flooding of Nummutlites 
deserti and Operculina libyca, and to end 
where the Alveolina horizon of Zittel’s Lib- 
yan begin. 

b. The Danian ends where the Montian 
fauna beings, and starts after the extinction 
of the last Globotruncana and the associated 
upper Maestrichtian exclusive elements. 

c. The Maestrichtian begins and the 
Campanian ends, with the appearance in the 
sequence of the non-Campanian, all-Maes- 
trichtian assemblage: Pseudotextularia vart- 
ans, Bolivinoides peterssoni, Siphogerneri- 
noides oveyt, etc. 


3. The Danian appears established in the 
Paleocene. Its controversial presence in Egypt 
is elucidated after being correlated with typical 
Danian formations. 

4, Inter-regional correlation of the four ages 
was affected with typical formations through 
comparison of species and assemblages as well 
as ranges of these species. The Danian of Egypt 
was found to correlate with the Tsitse of the 
Western Caucasus, the ‘“‘Danian and Paleo- 
cene” of Israel, the basal Midway of United 
States and the Velasco of Mexico. The Egypt- 
ian Maestrichtian correlates with the Maes- 
trichtian in the type locality, Israel, the Navar- 
ro of United States, and the Mendez of Mexico. 
This wide inter-regional correlation suggests 
also that these regions must have had a similar 
geologic history during these episodes. 

5. Nine upper Senonian-lower Paleocene sec- 
tions from widespread districts in Egypt are 
correlated. 


REFERENCES 


BALL, J., 1900, Kharga Oasis; its topography and 
geology: Egypt Geol. Surv. Rept., pt. 2, 116 p., 


p e 
Banpy, O. L., 1951, Upper Cretaceous foraminif- 
era from the Carlsbad area, San Diego County, 
rete Jour. Paleont., vol. 25, p. 488-513, 
pl. 72-75. 
BFADNELL, H. J. L., 1901, Farafra Oasis, its to- 


pography and geology; Egypt Geol. Surv 

ept., 39 p., 8 pl. 

BEzruKoF, P. L., 1936, Danian stage of the East 
European Platform: Bull. Acad. Sci. U.R.S.S., 
classe Sci. math. et nat. ser. geol., no. 5, p. 657- 


Bou, H., 1951, The genus Globotruncana in 
Trinidad, B.W.I.: Jour. Paleont., vol. 27, p. 
187-199, pl. 34-35. 

——, 1952, Note on the Cretaceous-Tertiary 
boundary in Trinidad, B.W.I.: Jour. Paleont., 
vol. 26, p. 669-675. 

BROTZEN, FR1Tz, 1934, Foraminiferen aus dem 
Senon Palastinas: Zeitschr. Deutschen Pala- 
stina-Vereins, vol. 57, p. 28-72, pl. 1-4. 

, 1936, Foraminiferen aus dem Schwe- 
dischen untersten Senon von Eriksdal in 
Schonen: Sveriges Geologiska Unders¢kning, 
ser. C, no. 396, 206 p., 14 pl. 

—, 1945, De Geologiska Resultaten Fran 
Borrningarna vid Hollviken: Sveriges Geo- 
logiska Unders¢gkning, ser. C, no. 465, 62 p., 2 


pl. 

—,, 1948, The Swedish Paleocene and its foram- 
iniferal fauna: Sveriges Geologiska Unders¢k- 
ning, ser. C, no. 493, 140 p., 19 pl. 

, 1949, Zur Gliederung der oberen Kreide in 
Skandinavien: Geol. Féren Stockholm, Forh., 
Bd. 71, h. 1, no. 456, p. 181-183. 

CarseEy, D. O., 1926, Foraminifera of the Cre- 
taceous of Central Texas: Univ. Texas. Bull. 
2612, p. 1-56, pl. 1-8. 

CusHMaN, J. A., 1926a, The Foraminifera of the 
Velasco shale of the Tampico embayment: 
Amer. Assoc. Pet. Geol. Bull., vol. 10, p. 581- 
612, pl. 15-21. 

— 1926b, Some Foraminifera from the Mendez 
shale of eastern Mexico: Contr. Cush. Lab. 
For. Res., vol. 2, p. 16-26, pl. 2-3. 

, & Cuurcu, C. C., 1929, Some Upper Cre- 
taceous Foraminifera from near Coalinga, Cali- 
fornia: Proc. Calif. Acad. Sci., ser. 4, vol. 18, 
p. 497-530, pl. 36-41. 

——, & Jarvis, P. W., 1932, Upper Cretaceous 
Foraminifera from Trinidad: U. S. Nat. Mus. 
Proc., vol. 80, art. 14, p. 1-60, pl. 1-16. 

, & CAMPBELL, A. S., 1936, Cretaceous Fo- 
raminifera from the Moreno shale of Califor- 
nia: Contr. Cush. Lab. For. Res., vol. II, pt. 3, 
p. 65-73, pl. 10,11. 

——, & Renz, H. H., 1942, Eocene Midway Fo- 
raminifera from Soldado Rock, Trinidad: 
Contr. Cush. Lab. For. Res., vol. 18, pt. 1, p. 
1-14, pl. 1-4. 

——, 1946, Upper Cretaceous Foraminifera of 
the Gulf Coastal Region of the United States 
and adjacent areas: U. S. Geol. Surv. Prof. Pa- 
per 206, 241 p., 66 pl. 

—, & Renz, H. H., 1946, The Foraminiferal 
fauna of the Lizard Springs formation of Trini- 
dad, B.W.I.: Spec. Publ. Cush. Lab. For. Res., 

no. 18, p. 1-48, 8 pls. 
7 194), Foraminiferal evidence for the age of 
the Velasco shale of Mexico and the Liazrd 
Springs marl of Trinidad: Jour. Paleont., vol. 
21, p. 587. 

——, & Renz, H. H., 1947b, Further notes on the 


446 


Cretaceous Foraminifera of Trinidad: Contr. 
Cush. Lab. For. Res., vol. 23, pt. 2, p. 31-51, 
pls. 7-12. 

——, 1951, Paleocene Foraminifera of the Gulf 
Coastal Region of the United States and ad- 
jacent areas: U.S. Geol. Surv. Prof. Paper 232, 
75 p., 24 pl. 

DuRAND-DELGA, MICHEL & SIGAL, JACQUES, 
1952, Stratigraphie du complexe marneux 
crétacé supérieur dans le Nord-Constantinois 
(Algérie): Acad. Sci. Paris, C. R., t. 234, no. 1, 
p. 115-117. 

FRANKE, A., 1928, Die Foraminiferen der oberen 
Kreide Nord- und Mitteldeutschlands: Abh. 
Preuss. Geol. Landesanst., N.F. 3, 207 p., 18 


Is. 

ies Don L., 1954, Handbook of Cretaceous 
Foraminifera of Texas: Texas. Univ., Bur. 
Econ. Geol., Rept. Inv. no. 22, 232 p., 21 pl. 

GLAESSNER, M. F., 1937a, Planktonforaminiferen 
aus der Kreide und dem Eozan und ihre strati- 
graphische Bedeutung: Studies in Micropal., 
Publications of the Moscow Univ. Pal. Lab., 
vol. 1, fasc. 1, p. 27-46, pl. 1-2. 

——,, 1937b, Studien tiber Foraminiferen aus der 
Kreide und dem Tertiaér des Kaukas: Moscow 
Univ. Pal. Lab. Probl. Paleont., vol. 2-3, p. 
349-410, pl. 1-5. 

GoupkorfF, F., 1945, Stratigraphic relations of 
Upper Cretaceous in Great Valley, California: 
Amer. Assoc. Pet. Geol. Bull., vol. 29, p. 
956-1007, 17 fig. 

GrimspALE, T. F., 1947, Upper Cretaceous Fo- 
raminifera; a criticism: Jour. Paleont., vol. 21, 
p. 586-587. 

——, 1951, Correlation, age determination and 
the Tertiary Pelagic foraminifera: Proc. 3rd 
World Pet. Cong., sec. 1, p. 463-475. 

HARDER, Pout, 1922, Sur la limite entre le cal- 
caire de Saltholm et le sable vert de Lellinge 
avec quelques remarques sur la division du 
Tertiaire inférieur du Danemark: Danm. geol. 
Unders¢gg., 2 R., no. 38, 108 p. 

HEnson, F. R. S., 1938, Stratigraphical correla- 
tion by small Foraminifera in Palestine and ad- 
joining countries: Geol. Mag., vol. 75, no. 887, 
p. 227-233. 

Hitty, JEAN, & SIGAL, JAcQuEs, 1951, Sur la 
présence du Sénonien supérieur dans la région 
d’Herbillon—Cap de Fer (Département Con- 
stantine, Algérie): Soc. Géol. France, C. R., 
no. 2, p. 26-28. 

HILTERMANN, H., 1952, Stratigraphische Fragen 
des Campan und Maastricht unter besonderer 
Beriicksichtigung der Mikropaliontologie: 
Geol. Jb., Bd. 67, p. 47-66. 

, SCHMID, F. & Kocn, W., 1955, Biostrati- 
graphie der Grenzschichten Maastricht/Cam- 
pan in Liineburg und in der Bohrung Brun- 
hilde: Geol. Jb., Bd. 70, p. 339-384, 3 pl. 

Horker, J., 1949, On Foraminifera from upper 
Senonian of South Limburg (Maestrichtian): 
Inst. Roy. Sci. Nat. Belg., mem. 12, p. 3-69. 

Hume, W. F., 1911, The effects of secular oscilla- 

tion in Egypt during the Cretaceous and Eo- 

cene periods: Geol. Soc. London, Quart. Jour., 

vol. 67, p. 118-148. 


S. E. NAKKADY 


IsRAELSKY, M. C., 1951 & 1955, Foraminifera of 
the Lodo formation of Central California: U.S, 
Geol. Surv. Prof. Paper, no. 240-A and B, p. 29, 
31-79, pl. 11, 12-19. 

KELLER, B. M., 1935, Microfauna of the Upper 
Cretaceous of Dneppe-Donetz and adjacent 
areas: Bull. Soc. Nat. Moscou, ser. 5 geol., t. 
13, pt. 4, p. 522-558, 3 pl. 

——.,, 1936, Stratigraphy of the Cretaceous de- 
posits of Western Caucasus: Acad. Sci. URRS., 
Cl. Sc. Math., Nat. Bull. Moscow, Ser. 5 geol., 
p. 619-656, pl. 1-4. 

—., 1937, Correlation of the Upper Cretaceous 
deposits in Eastern Mexico and in Western 
Caucasus: Bull. Acad. Sci., U.S.S.R., ser. 5 
Geol., p. 825-836. 

, 1939, The Foraminifera of the Upper Cre- 
taceous deposits of the U.S.S.R.: Geol. Oil 
Inst., ser. A, no. 121, p. 1-39, pl. 1-4. 

——., 1946, the Foraminifera of the Upper Cre- 
taceous deposits in the Sotchi Region: Soc. 
Nat. Moscow, Bull., n.s., t. 51 (Sect. geol., 
tom. 21), no. 3, p. 83-108, pl. 1-3. 

LarMinG, B., 1941, Eocene foraminiferal correla- 
tion of California: Division Mines Calif., Bull. 
118, p. 192-198, fig. 74-83. 

LE Roy, L. W., 1953, Biostratigraphy of the 
Magfi section, Egypt: Geol. Soc. Amer. Mem- 
oir 54, 58 p., 13 pl. 

MariIE, PIERRE, 1936, Sur la microfaune crétacé 
du sud-est du Bassin de Paris: Acad. Sci. Paris, 
C.R. no. 203, p. 97-100. 

, 1937a, Deux niveaux distinguue’s a I’aide 
des foraminifers dans le Maestrichtien du Bas- 
sin de Paris: Bull. Soc. Geol. France, 5e. ser., 
vol. 7, p. 257-271. 

—, 1937b, Sur la faune de foraminiferes du cal- 
caire pisolithique du Bassin de Paris: Bull. Soc. 
Geol. France, 5e. ser., vol. 7, p. 289-294. 

, 1938, Zones a foraminiféres de |’Aturien 

dans la Mésogée: Soc. Géol. France, C.R., p. 

341-343. 

, 1941, Les foraminiféres de la Craie 4a 

Belemnitella mucronata du Bassin de Paris: 

Sper Hist. Nat., Mém., vol. 12, pt. 1, 296 p., 

pl. 

, 1942, Sur la faune de foraminiféres de la 

Craie 4 Belemnitella mucronata du Nord de 

oo: Soc. Geol. France, C.R., p. 131- 

133. 

, 1949, Microfaune pelagique des couches 4 
Cardita beaumonti: Soc. Géol. France, C.R., p. 
241-243. 

Marry, L., 1943, Eocene Foraminifera from the 
type Lodo formation, Fresno County, Califor- 
nia: Stanford Univ. Publ., Geol. Sciences, vol. 
3, no. 3, p. 93-125, pl. 5-9. 

Nakkapy, S. E., 1951, Zoning the Mesozoic- 
Cenozoic transition of Egypt by the Globo- 
rotallidae: Bull. Fac. Sci. no. 1, Univ. Alex- 
andria, p. 45-58. 

——, & Osman, A., 1954, The genus Globotrun- 
cana in Egypt, taxonomy and stratigraphical 
value: Com. Rend. 19e. Cong. Geol. Int., 3e. 
pt., fasc. 15, p. 75-95, pl. 19-20. 

——,, 1955a, The stratigraphic implication of the 

accelerated tempo of evolution in the Meso- 


zoic-Cenozoic transition of Egypt: Jour. Pale- 

ont., vol. 29, p. 702-706. 

—, 1955b, The stratigraphy and geology of the 
district between the northern and southern 
Galala plateaus (Gulf of Suez Coast, Egypt): 
Bull. Inst. Egypte, t. 36, p. 253-268, 1 pl. 

OLum, H., 1926, Studier over Daniet i Jylland og 

a Fyn: Danm. geol. Unders¢g., 2 R., no. 45. 
seme, ALCIDE, 1840, Mémoires sur les fo- 
raminiféres de la Craie Blanche du Bassin de 
Paris: Soc. Géol. France, Mém., 4, p. 1-51, pl. 
1-4. 

PLUMMER, F. B., 1932, Cenozoic systems in Tex- 
as: the geology of Texas: vol. 1, pt. 3, Univ. 
Texas Bull. 3232, p. 519-1007. 

PiumMMER, H. J., 1927, Foraminifera of the Mid- 
way formation in Texas: Univ. Texas Bull. 
2644, p. 1-206, 15 pl. 

—, 1931, Some Cretaceous Foraminifera in 
Texas: Texas Univ. Bull. 3101, p. 109-203, pl. 
8-15. 

—, 1933, Evidence of Midway-Wilcox contact: 
Univ. Texas Bull. 3201, p. 51-68, pl. 5. 

RAADSHOOVEN, B., 1940, Foraminiferen uit het 
Senon van Limburg: Nat. Mndbl., no. 1, p. 11, 
12. 

Ravn, J. P. J., 1925, Sur le placement géologique 
du Danien: Danm. Geol. Undersgg, 2 R, no. 
43, 48 p. 

Reiss, Z., 1952, On the Upper Cretaceous and 
Lower Tertiary fauna of Israel; Bull. Res. 
Council Israel, vol. 2, no. 1, p. 37-50, 1 chart. 

Renz, H. H., 1942, Stratigraphy of northern 
South America, Trinidad and Barbados: Proc. 
8th. Am. Sci. Cong., Geol. Sci. Gen. Geol., p. 
513-571. ‘ 

——, 1951, Remarks on the age of the Lizard 
Springs formation of Trinidad, B.W.I.: Cush. 
Found. For. Res. Contr., vol. 2, p. 15-16. 

Reuss, A. E., 1851, Die Foraminiferen und En- 
tomostraceen des Kreidemergels von Limburg: 
> mei Nat. Abhandl., vol. 4, p. 17-52, pl. 

—,, 1862, Die Foraminiferen des Kreidestuffs 
von Maastricht: Sitz. K. Akad. Wiss. Wien, 
vol. 44, pt. 1, p. 304-342, pl. 1-8. 

Rusupi, & ABBAs, KENAwy, 1956, Upper 
Cretaceous and Lower Tertiary Foraminifera 
from northern Sinai, Egypt: Micropaleont., 
vol. 2, p. 105-173, pl. 1-7. 

ScHWAGER, C., 1883, Die Foraminiferen aus den 
Eocaenablagerungen der Libyschen Wiiste und 
Aegyptens: Palaeontographica, Bd. 30, p. 79- 
154, pl. 24-29, 

Scott, GAYLE, 1935, Age of the Midway group: 
Geol. Soc. Am. Bull., vol. 45, p. 1111-1158. 

ScHIJFSMA, ERNEST, 1946, The Foraminifera from 
the Hervian (Campanian) of Southern Lim- 
burg: Netherlands Geol. Stichting, Med., ser. 
C-V, no. 7, p. 5-150, pl. 1-10. 

SIGAL, J., 1949, Dano-Montien ou Paleocene ou 
le passage du Crétacé au Tertiare en Algerie: 
Soc. Géol. France, C.R. no. 8, p. 150-151. 

——,, 1952, Apercu stratigraphique sur la micro- 

paleontologie du Crétacé: Monographie re- 

gionale, sér. 1, Algerie, no. 26, p. 1-45. 


MESOZOIC-CENOZOIC BIOSTRATIGRAPHY 


447 


SupsoTina, N., 1936, Stratigraphie du Paleogene 
inferieure et du Crétacé superieure du Cau- 
case du Nord d’apres la faune des foraminiferes: 
Trans. Oil Geol. Inst., Leningrad, ser. A, fasc. 
96, p. 3-32, pl. 1-7. 

——, 1939, The Foraminifera of the Lower Ter- 
tiary deposits of USSR: Trans. Oil Geol. Inst., 
Leningrad, ser. A, fasc. 116, p. 31-69, pl. 1-3. 

TEN Day, A., 1944, Die stratigraphische Glieder- 
ung des Niederlandischen Palioziins und Eo- 
zins Foraminiferen (mit Ausnahme von Siid- 
Limburg): Mededeel. Geol. Stichting, Ser. C-V, 
no. 3, 142 pp., 6 pl. 

——, 1947, Review on the Foraminifera from the 
middle Eocene in the Southern part of the 
Netherlands Province of Limburg: Jour. Pale- 
ont., vol. 21, p. 188. 

, & SIGAL, J., 1950, Some new species of 
Foraminifera from the Dano-Montian of Al- 
geria: Cush. Found. For. Res. Contr., vol. 1, p. 
31-37, pl. 2. 

——, 1954, Relations du Cretace et du Tertiaire 
dans le Sud-Est de la Turquie: C. R. 19e Cong. 
Geol. Int., sec. 13, pt. 3, p. 107-116. 

THALMANN, H. E., 1935, Age of the Velasco for- 
mation in eastern Mexico: Geol. Soc. Amer. 
Bull. Proc., 1934, p. 371. 

TiLEv, Nuun, 1951, Etudes des Rosalines maes- 

trichtiennes du Sud-Est de la Turquie (sondage 

de Ramandag): Maden Tetkik ve Arama En- 

stit. Yayinlarindan, ser. B., no. 16, 101 p., 3 


1. 

Thome, S. W., 1949, The determination of the 
Cretaceous-Eocene boundary by means of 
quantitative generic microfauna determination 
and the conception “Danian” in the Near East: 
Jour. Paleont., vol. 23, p. 673-676. 

VAN BELLEN, R. C., 1946, Foraminifera from the 
middle Eocene in the southern part of the 
Netherlands, Province of Limburg: Mededeel. 
— Stichting, Ser. C-V, no. 4, p. 1-144, pl. 
1-13. 

VisseER, A. M., 1951, Monograph of the Forami- 
nifera of the type-locality of the Maestrichtian 
(South-Limburg, Netherlands): Leidse Geol. 
Meded., Deel 16, p. 197-359, pl. 1-11. 

WHuitE, M. P., 1928-29, Some index Foraminifera 
of the Tampico area of Mexico: Jour. Paleont., 
vol. 2, p. 177-215, pl. 27-29, p. 280-317, pl. 38- 
42, vol. 3, p. 30-58, pl. 4,5. 

Wicu_er, C. A., 1949, On the age of the higher 
Upper Cretaceous of the Tampico embayment 
area in Mexico, as an example of the world wide 
existence of microfossils and the practical con- 
sequence arising from this: Bull. Mus. d’Hist. 
Nat., Sér. A2, Belgrad, p. 76-105, pl. 2-8. 

, 1953a, Mikropalintologische Beobach- 

tungen in der héheren borealen Oberkreide, be- 

_ im Maastricht: Geol. Jb., Bd. 68, p. 1- 

6 


, 1953b, Beobachtungen in borealen Maas- 
tricht: Paléont. Zeitschr., Bd. 27, p. 233-234. 
ZITTEL, K. A., 1883, Beitrage zur Geologie und 
Paliontologie der Libyschen Wiiste und der 
angrenzenden Gebiete von Aegypten: Palae- 
ontographica, Bd. 30, Theil 1. 


JOURNAL OF PALEONTOLOGY, VOL. 31, No. 2, P. 448-454, 2 TExtT-FIG., MARCH 1957 


CHEMICAL COMPOSITION, MICROSTRUCTURE, AND 
AFFINITIES OF THE NEURODONTIFORMES 
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ABsTRACT—The nature, morphology, geographic, geologic and ecologic distribution 
of these extinct tooth-like fossils is reviewed. X-ray and thin-section studies reveal 


that they have a minutely fibrous structure parallel to the long axis, and a composi- 
tion approximating calcium metaphosphate. It is suggested that they represent a 
group of primitive vertebrates, perhaps related to the “‘jaw-like’’ Ordovician fossil 


Archeognathus. 


HISTORICAL REVIEW 


HE Neurodontiformes (Branson & Mehl, 

1944) were first recorded by Kirk (1929) 
from the Middle Ordovician Harding sand- 
stone of Colorado. Kirk illustrated a num- 
ber of different forms of minute teeth, 
which he referred to as ‘“‘conodonts,” and 
noted their association with numerous 
“fish” plate fragments. Branson & Mehl 
(1933) described further specimens from 
the same formation and the same general 
area as those described by Kirk. They gave 
a comprehensive account of their external 
morphology, and introduced the term 
“fibrous conodonts”’ to refer to this group 
of tooth-like microfossils. 

A number of later workers (e.g. Sweet, 
1955) have studied the external morphology 
and stratigraphic distribution of these forms, 
which have proved to be valuable index fos- 
sils. No detailed description of the internal 
structure or chemical composition of these 
fossils has yet been published, however, and 
little serious attention has been devoted to 
a study of their zoologic affinities. This is 
all the more surprising, in view of the num- 
ber of references which have interpreted 
them as the remains of the earliest known 
vertebrates. The purpose of the present 
paper is to describe the structure and com- 
position of these fossils, to review the pub- 
lished data concerning their morphology and 
distribution, and to discuss their possible 
zoologic affinities. 

It is a pleasure to record our thanks to 
Dr. George L. Clark of the University of 
Illinois for his help and advice with the X- 
ray studies here described, to Dr. A. K. Mil- 
ler of the State University of Iowa for the 
loan of the holotype of Archeognathus 
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primus, and to Dr. Walter Sweet of Ohio 
State University for the gift of a number of 
specimens of fibrous conodonts. 


NATURE OF THE NEURODONTIFORMES 


Morphology.—The_ recognition of the 
Neurodontiformes as a distinct group was 
contained in a description by Branson & 
Mehl (1933) of the ‘‘conodont” fauna of the 
Harding sandstone of Colorado. They de- 
scribed them as follows (1933, p. 22): 


In the first place these Harding conodonts 
constitute a very primitive group. The entire 
assemblage, with very few exceptions, repre- 
sents a division very distinct from the great 
majority of conodonts although duplicating 
the latter in general form. This difference can 
at present be described best as “fibrous” 
structure rather than the apparently laminar 
arrangement of the substance of the ordinary 
type. The simple cones of the Harding split 
lengthwise rather than across as is the case 
among most of the distacodids. The group 
...is usually recognizable through the dull 
surface and amber colour, although some 
specimens have shiny surfaces. Perhaps the 
most characteristic feature of the primitive 
group is the fact that the basal surface is 
attached directly to the hard surface of the jaw 
support almost by ankylosis so that the great 
majority of the specimens retain fused to them 
a part of the jaw. They seem to lack entirely 
the basal excavation designated by Pander as 
the “pulp cavity” that is particularly evident 
among the ordinary distacodids. Typical mid- 
Ordovician ccnodont assemblages... have 
but a small representation of this primitive 
type. Such of them as are present seem to have 
progressed beyond the firm attachment for 
among none of them have we noted adhering 
sections of the mandibular bars. 


So far as their external morphology is con- 
cerned the Neurodontiformes may be sub- 
divided into the following broad groups: 


Type 1: Simple recurved cones, which (a) 
may, or (b) may not bear a small number of 
minor denticles near the base. 

a. Stereoconus, Mixoconus 


b. Multioistodus 


Type 2: More or less straight bars, with a 
series of denticles developed along the ‘oral’ 
surface, e.g. Coleodus, Neocoleodus, Trucherog- 
nathus, and Polycaulodus. Both Coleodus and 
Neocoleodus have a “grooved” basal surface 
(Branson & Mehl, 1933, p. 24). 

Type 3: More or less arched bars, with a 
series of denticles developed along the ‘‘oral”’ 
surface, e.g. Chirognathus, Leptochirognathus, 
Erismodus, Curtognathus, and Cardiodella. 
Erismodus has an elongated excavation on the 
aboral surface of the bar. 


The following genera, usually included in 
the group, are here omitted: A mbolodus and 
Amorphognathus, both of which may be 
lamellar conodonts (Rhodes, 1954); Arche- 
ognathus, discussed later in this paper; 
Clavohamulus, of very obscure affinities; 
Lepodus, which may well be a fish scale; and 
Ptiloconus, regarded by the original authors, 
Branson & Mehl, as probably a lamellar type 
conodont. 

It should be emphasized here that the 
present report is limited in scope. Only two 
genera of the twelve listed above have been 
studied in detail. It appears that, in addi- 
tion to the exceptions suggested above, the 
Neurodontiformes may be a heterogeneous 
group. Thus the description of “growth axes”’ 
in such genera as Pteroconus suggest that 
they may be lamellar forms. It is proposed to 
continue this investigation. 

Stratigraphic, gecgraphic and ecologic dis- 
tribution —The great majority of genera of 
the Neurodontiformes appear to be confined 
to the Middle Ordovician. If one includes 
Amorphognathus and Ambolodus within the 
group, however, it should be noted that 
these have been reported from Upper Ordo- 
vician strata. Stereoconus has been reported 
from the Lower Ordovician (Graves & Elli- 
son, 1941), and the Upper Ordovician 
(Rhodes, 1953, p. 289). All the remaining 
genera (Coleodus, Erismodus, Neocoleodus, 
Chirognathus, Leptochirognathus, Multi- 
otstodus, Cardtodella, Curtognathus, Poly- 
caulodus, Mixoconus, and Trucherognathus) 
are at present known only from the Middle 
Ordovician. 

Virtually all known occurrences of the 
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Neurodontiformes are in the United States 
(from Colorado to Minnesota and Missouri), 
although they have also been reported from 
South Wales (Rhodes, 1953) and from 
Sweden (Lindstrém, 1954). Their apparent 
absence in other areas almost certainly re- 
flects the absence of any extensive micro- 
faunal studies in rocks of comparable age. 

The Neurodontiformes have been re- 
ported from various types of marine sand- 
stones, siltstones, shales and limestones. 
They have been found associated with an 
equally varied fauna, including ostraco- 
derms (Kirk, 1929), brachiopods, gastro- 
pods, cephalopods, Receptaculites (Amsden 
& Miller, 1942), scolecodonts (Stauffer, 
1935), lamellar conodonts, trilobites, corals, 
sponges and crinoids (Rhodes, 1953). 

The implication of these rather diverse 
occurrences and associations seems to be 
that the animals which bore the neurodonti- 
form “teeth” inhabited a variety of marine 
environments. The absence of any apparent 
ecologic differences between faunas may 
further indicate the animals to have been 
pelagic, although the widespread distribu- 
tion of many living benthonic species can- 
not be overlooked. 


MICROSTRUCTURE 


Methods.—Direct X-ray transmission pat- 
terns were made of oriented specimens 
mounted on scotch tape. Since these speci- 
mens are less than a millimeter in length, 
they were easily placed in the opening of a 
.010 pinhole, while the film was placed 3 cm. 
away from the specimen. Using filtered 
molybdenum radiation for 45 minutes at 40 
kv. and 20 ma., satisfactory longitudinal and 
transverse patterns were obtained. An ori- 
ented longitudinal pattern was also ob- 
tained by using filtered copper radiation for 
45 minutes at 40 kv. and 15 ma., so that the 
larger inner transmission circles could be 
used in giving more accurate information. 
These were studied for preferred orientation 
and computed to obtain chemical composi- 
tion. 

To determine whether any structure could 
be detected through direct radiation, micro- 
radiographs were made of six longitudinal 
sections, using filtered molybdenum radia- 
tion for 20 minutes at 40 kv. and 8 ma. The 
microradiographs were then enlarged 200 X. 
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In addition to these X-ray studies, thin 
sections were cut and studied under high 
magnifications. 

Results —The results obtained from X- 
ray studies indicate a very pronounced pre- 
ferred orientation in a direction parallel to 
the long axis of the specimens (Text-fig. 
1-1). The pattern represented in this figure 
was obtained by recording X-ray diffraction 
perpendicular to the long axis of the speci- 
men, Stereoconus robustus. The “fibrous” 
structure involving preferred orientation of 
crystallites is indicated by the intensity 
maxima on the diffraction rings in the figure. 
This is most conspicuous near the center, 
but is also present in the outer areas. In con- 
trast to this pattern, a laminated structure 
or ‘“‘cone-in-cone”’ type would give a uni- 
form ring pattern, indicative of random ori- 
entation of crystallites. The presence of the 
ring concentrations represents the presence 
of local grouping of parallel reflecting planes. 
The curvature towards the left, which is 
visible in the inner rings, reflects the curva- 
ture of the long axis of the tooth, a fact 
which was confirmed by passing X-rays 
perpendicular to the long axis, through the 
basal one-third of the same specimen, the 
portion with the least curvature. The re- 
sultant photograph (Text-fig. 1-3) shows 
the ring concentrations to be directly 
opposite, indicating little or no curvature. 

It is noteworthy that a presumed lamellar 
distacodid conodont, Drepanodus altipies, 
has been shown to exhibit “four positions 
of maximum darkening” (Rhodes, 1954, 
p. 430). This is an indication of its lamellar 
structure, and contrasts strongly with the 
structure of the present specimens. 

In transverse section of the same speci- 
men used for Text-fig. 1-1 and 1-3, a less 
conspicuous concentration may be observed 
(Text-fig. 1-2). This difference may repre- 
sent-a true grouping of crystals about the 
long axis, but it may, at least in part, be 
the result of interference of the long axis 
of the specimen, resulting from the curva- 
ture. To confirm the curvature interference 
the lower one-third was again X-rayed 
parallel to the long axis with the result that 
the interference due to curvature was al- 
most eliminated (Text-fig. 1-4). The ab- 
sence of any conspicuous grouping in this 
direction is therefore an indication that the 
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elongation of the fibers is parallel only to 
the long axis of the specimen. 

Microradiographic studies did not reveal 
any structure, which must therefore be very 
fine. They did reveal, however, the presence 
of what appears to be a closed basal cavity 
(Text-fig. 1-6 to 1-8) in specimens of the 
species Stereoconus robustus. This is par- 
ticularly interesting in view of the fact that 
the genus is partly defined by the absence 
of an external basal cavity. When viewed 
from the basal surface there is no such trace 
of any cavity. It is proposed to further in- 
vestigate this feature. 

In thin section the fibrous structure is 
clearly visible only at a very high magnifi- 
cation (about 1000). It is then seen to 
consist of a very large number of thin, 
irregular but elongated structures, which 
are variable in both their distribution and 
their form. They are strikingly different 
from the lamellar structure of the Cono- 
dontiformes, and suggest that the method 
of their formation may also be different 
from the latter. The structure is shown in 
thin section at low magnification in Text- 
fig. 1-5. 


CHEMICAL COMPOSITION 


Chemical compositional studies by X-ray 
methods provided the following data, the 
apparatus and exposures being the same as 
those used for textural studies: 


COPPER RADIATION 


d- 
2s S Tan 26 20 spacings 
2.5 1.25 .416 22°35’ 3.95 
2.8 1.40 -466 24°59’ 3.56 
3.7 1.85 .616 31°38’ 22.83 
4.0 2.00 .666 33°40’ 2.66 
5.0 2.50 .833 39°48’ 2.26 
7.0 3.50 1.166 49°23’ 1.85 

MOLYBDENUM RADIATION 

d- 
2S S Tan 20 20 spacings 
1.37 .685 .228 12°51’ 3.18 
1.55 .258 14°28’ 2.81 
1.91 .955 .318 17°39’ 2.30 
2.50 1.250 -416 22°35’ 1.81 
3.15 1.575 .525 27°42’ 1.48 

3.95 1.975 .658 33°21’ 1.24 


The copper and molybdenum d-spacings 
were then combined and compared with the 
Hanawalt files. 
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TEXT-FIG. 1—Stereoconus robustus 


1,3, X-ray transmission patterns perpendicular to the long axis of the specimen showing a pronounced 
preferred orientation in a direction parallel to the long axis. 

2,4, X-ray transmission patterns parallel to the long axis of the specimen. 2, shows a ring concentration 
resulting from interference of the long axis of the specimen due to curvature. 4, the lower } of a 
specimen showing loss of ring concentration due to loss of specimen curvature. 

5, Thin section of specimen in transmitted light showing fibrous structure at low magnification, X 300. 

6-8, Microradiograph enlarged X200 revealing the presence of what appears to be a closed basal cav- 


ity. 
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These transmission patterns indicate a 


chemical composition approximating cal-- 


cium metaphosphate Ca(POs3)2. 

The chemical composition of the Neuro- 
dontiformes is therefore broadly comparable 
to that of lamellar conodonts, the basal 
phosphatic material to which the latter are 
sometimes attached, and the armor of 
Paleozoic ostracoderms (Rhodes, 1954, p. 
430). A number of recent workers have 
interpreted the presence of such a substance 
in the lamellar conodonts as indicative of 
their vertebrate affinities. It has already 
been remarked, however, that a number of 
invertebrates (e.g. polychaetes and _ in- 
articulate brachiopods) are capable of the 
external secretion of calcium phosphate, al- 
though there may well be a distinct physio- 
logical difference between its internal and 
external secretion. Comparable problems 
involved in the lamellar conodonts have 
been discussed by Rhodes (1954) and the 
arguments presented there are all applicable 
to the present discussion. 


ZOOLOGIC AFFINITIES 


The interpretation of the affinities of the 
Neurodontiformes presents a number of 
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problems. There are, however, a number of 
groups with which they may be compared, 
and these will be discussed in turn. 
Comparison of the Neurodontiformes and 
the Conodontiformes.—In spite of the fact 
that the Neurodontiformes are frequently 
referred to as ‘fibrous conodonts’’ they pre- 


~ gent a number of striking differences from 


the typical lamellar conodonts, the Cono- 
dontiformes of Branson & Mehl, 1944. 
These may be summarized as follows: 


1) External morphology. Although there is a 
superficial resemblance between them, each of 
the two groups comprises a great majority of 
peculiar forms, which have no strictly com- 
parable counterpart in the other group. 

2) Basal cavity. The lamellar conodonts are 
characterized by a basal cavity which, though 
highly variable in form (Rhodes 1954, fig. 3), 
is a diagnostic feature of the group. The 
Neurodontiformes, however, generally lack 
such a cavity, although a number of genera 
develop an elongated groove on the aboral 
margin. 

3) Basal attachment. Basal attachment of 
lamellar conodonts to phosphatic material is 
generally rare (Rhodes 1954, p. 426-430), 
while in fibrous forms it is very common. 

4) Stratigraphic range. The lamellar cono- 
donts are found from strata ranging from 
(Cambrian?) Ordovician to Triassic in age, 
whereas the fibrous forms are confined to the 
Ordovician. The majority of genera occur only 
in the Middle Ordovician, but there are a few 
records of Lower and Upper Ordovician occur- 
rences (Miiller, 1956). 

5) Microstructure. The lamellar conodonts 
bear no resemblance to the microstructure and 
mode of growth displayed by the Neurodonti- 
formes (Hass, 1941, Rhodes, 1954). 


These differences are such that they sug- 
gest the possibility that the two groups of 
microfossils represent the remains of two 
entirely different groups of organisms. In 
view of this it appears preferable to restrict 
the term “‘conodont’’ to the lamellar forms 
and to discontinue its use for the Neuro- 
dontiformes. The lamellar forms’ claim to 
retention of the term is justified by priority, 
by their relatively much greater abundauce 
than the Neurodontiformes, and by current 
practice and usage. 

The basal attachment of neurodontiform 
teeth to phosphatic material was first noted 
by Kirk (1929) and has been commented 
upon by numbers of subsequent writers. 
The present study provides no new informa- 
tion on this subject, although it should be 
pointed out that the material does not ap- 
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pear to have the structure of bone, but ap- 
pears rather to be dense and massive in 
structure. 

Comparison of the Neurodontiformes with 
Archeognathus.—Apart from their general 
similarity to the Conodontiformes, from 
which they are structurally distinct, the 
Neurodontiformes present the closest simi- 
larity to the jaw-like structure Archeogna- 
thus primus (Text-fig. 2), originally de- 
scribed by Cullison from the Lower Or- 
dovician of Missouri (Miller, Cullison & 
Youngquist, 1947). A study of the holotype 
of this curious species confirms this broad 


TEXT-FIG. 2—Archeognathus primus. Photograph 
of holotype. Enlarged X8.7. 


similarity, although the basal attachment 
of the denticles in Archeognathus appears 
unlike anything so far reported from the 
Neurodontiformes. X-ray studies of the 
specimen could not be made as the speci- 
men is embedded in plastic. A second ap- 
parent difference between Archeognathus 
and the Neurodontiformes, lies in the fact 
that the denticles of the former appear to 
form a continuous fused series. The few 
which are separated from their neighbors 
appear to have been fractured at their base. 
On such slender evidence it is difficult to 
be sure of the relationship between the 
Neurodontiformes and Archeognathus. They 
certainly show broad similarities but they 
also display apparent differences. 
Comparison of the Neurodontiformes with 
some invertebrates.—Structures bearing some 
resemblance to the Neurodontiformes are 
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found in gastropod radulae, in the ‘‘jaws”’ 
of polychaetes and on the carapaces of some 
arthropods. From all such organs, however, 
the Neurodontiformes differ in having a 
phosphatic, rather than a chitinous, com- 
position. Furthermore the basal attachment 
of very many specimens to massive phos- 
phatic material is quite unrepresentative of 
these invertebrate groups. These distinctive 
features would appear to exclude the 
Neurodontiformes from these phyla. 

Possible affinities of the Neurodontiformes. 
—The chemical composition, the basal 
attachment, and the apparent pelagic 
habit of the neurodontiform-bearing animals 
suggest that they probably represent a 
group of extinct, and otherwise unknown, 
vertebrates. It seems impossible to regard 
them as Agnatha, and in fact the only valid 
comparison seems to be with Archeognathus, 
to which they appear closely related and to 
which they may be identical. 

The affinities of Archeognathus are also 
obscure. Its general structure strongly sug- 
gests that of a premaxilla, a membrane 
bone that is first recognized in the Osteich- 
thyes, but is unrepresented in the lower 
classes of Pisces. Schaeffer & Gregory 
(in Miller, Cullison & Youngquist, 1947, 
p. 32) considered that whereas it ‘‘may very 
well be a Lower Ordovician vertebrate jaw 
element, its definite identification as a 
premaxillary might be open to question.” 
It appears, however, to be difficult to regard 
it as anything other than a primitive crani- 
ate. 

If the vertebrate origin of the Neuro- 
dontiformes and of Archeognathus is ac- 
cepted, the present concepts of the phylog- 
eny of the Pisces stand in need of modifica- 
tion. Some of the Neurodontiformes as well 
as Archeognathus are geologically older than 
the oldest known Agnatha from the Harding 
sandstone of Colorado, the Bighorn forma- 
tion of Wyoming, and the Whitewood dol- 
omite of South Dakota (Miller, Cullison 
and Youngquist, 1947). It cannot yet be 
demonstrated, however that these ‘“‘Agna- 
tha’ do not also represent the remains of 
the vertebrates which bore the Neuro- 
dontiform teeth. 


SUMMARY AND CONCLUSIONS 


The Neurodontiformes are a group of 
minute tooth-like fossils which appear to 


= 
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be confined to the Ordovician. They are 
somewhat variable in form but may be 
divided into three broad morphological 
groups. Some included genera are such as 
to suggest that the group may be hetero- 
geneous. These microfossils are known from 
both Europe and North America and occur 
in a variety of neritic sediments. X-ray 
diffraction and microradiograph photo- 
graphs and thin section studies indicate 
that they havea minute “fibrous” structure, 
and the composition of calcium metaphos- 
phate, Ca(POs)2. It is suggested that they 
are distinct from the conodonts and also 
other invertebrate groups, to which they 
bear some resemblance. They appear to 
be related, and perhaps identical, to 
Archeognathus, a Lower Ordovician prob- 
able vertebrate. 
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PALEONTOLOGICAL NOTES 
STILLINA, A NEW GENUS OF CRETACEOUS OSTRACODA 


LAURA LAURENCICH 


Louisiana State University, Baton Rouge 


An examination of samples from a num- 
ber of well-known Lower Cretaceous fossil 
localities resulted in the discovery of the 
very distinctive little ostracode described 
in this report.gDespite its small size, it is 
very easily eapinel, and should prove 
useful. It was found in the following samples 
from Texas and Arkansas: 


Sample a: Goodland formation, Comanche 
series of the Lower Cretaceous (Albian) of 
Texas. Sample collected by Mr. J. W. West in 
1952, in Tarrant County, Texas, at the locality 
described as Station 1 by C. I. Alexander, Tex. 
Univ. Bull. 1929. “An excellent outcrop of the 
Goodland formation occurs at the Lake Worth 
dam. Below the dam, black basal shales of the 
Goodland lie on the uppermost ledges of the 
Walnut shell agglomerate.”’ Stillina asterata is 
represented in the sample from this locality by 
two right and two left valves. The specimens 
are well preserved. 

Sample b: Goodland formation, Comanche 
series of the Lower Cretaceous (Albian) of 
Texas. Sample collected by Dr. H. V. Howe 
in 1952, in Tarrant County, Texas. The collec- 
tion was made at the locality described as 
Station 3 by C. I. Alexander in Tex. Univ. 
Bull. 1929: “An excellent exposure of upper 
Goodland occurs in a low bluff on the east bank 
of North Fork of Mary’s Creek, at the con- 
crete bridge on the Fort Worth-Weatherford 
road about 113 miles west of Fort Worth.” 
The new genus is present in this sample with 
five right valves and a left one. The specimens 
are not well preserved. 

Sample c: Kiamichi form. Comanche series 
of the Lower Cretaceous (Albian) of Texas. 
Sample collected by Mr. J. W. West in 1952, 
in Tarrant County, Texas. The collection was 
made from the lower shales at Alexander’s 
locality, Station 5, which is described in Tex. 
Univ. Bull. 1929: “The entire Kiamichi forma- 
tion is exposed in the deep road cut on the 
‘Stove Foundry Road’, just north of the new 
Texas Pacific Railroad shops, Forth Worth. 
At this locality the formation grades from 
black shales at the bottom of the exposure to 
yellow clays at the top.” Stillina asterata is 
well represented in this sample by five right 
and thirteen left well preserved valves. 

Sample d: Formation mapped as Upper 
Trinity, Comanche series of the Lower Cre- 
taceous (Albian) of Arkansas. The sample was 
collected by Prof. B. C. Craft, in 1939 in SW} 
sec. 23, T. 8S., R. 28 W.; Howard Co., Arkan- 
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sas (for map of the locality see: Guidebook, 
Shreveport Geol. Soc. 14th Ann. Field trip, 
1939, p. 199-200, stop 1). Stillina asterata is 
here represented by three left valves. The speci- 
mens are well preserved. 


The writer wishes to express her thanks to 
Dr. H. V. Howe, at whose suggestion this 
work was undertaken and whose assistance 
has been invaluable. The author also thanks 
Mr. J. W. West and Prof. B. C. Craft who 
collected the material for this study. 


Subfamily CYTHERURINAE Sars 
Genus STILLINA Laurencich, n. gen. 


Type species: Stillina asterata n. sp. 

External shape guttiform. Dorsal margin 
straight, anterior margin obliquely rounded, 
ventral margin rounded. The posterior area 
bears an upturned caudal process which is 
situated near the posterior cardinal angle. 
Carapace convex, more tumid ventrally, 
divided into two subequal lobes by a faint 
vertical depression which is situated near the 
median vertical line of the carapace. Eve 
tubercles prominent. A characteristic long, 
strong laterally projecting spine is near the 
ventral margin, slightly behind the middle. 
In addition to this prominent spine, the 
surface bears other shorter, variously scat- 
tered spines and is usually pitted. Hinge- 
ment holomerodont: it consists, in the right 
valve, of a crenulate bar with two terminal 
notched cusps; in the left valve of a crenu- 
late groove with two terminal grooved fur- 
rows. Marginal area relatively narrow; no 
vestibule. Radial canals widely spaced, 
few, short and delicate. Muscle scars indis- 
tinct. 

Remarks.—This genus resembles in its 
general external characters the genus 
Paitjenborchella Kingma (1948, p. 85) but it 
differs in having a holomerodont hingement 
instead of a schizodont one; in the pore 
canals which are short and simple instead of 
long and bifurcate in the caudal region. The 
genus Stillina can be compared also to the 
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TEXT-FIG. 1—Stillina asterata, n. sp. 


a, Holotype slide No. 4142, exterior right valve of a male. Locality c. 
b, Holotype slide No. 4142, exterior lett valve of a male. Locality c. 

c, Paratype slide No. 4143, exterior right valve of a female. Locality c. 
d, Paratype slide No. 4143, exterior left valve of a female. Locality c. 


genus Orthonotacythere Alexander (1933, p. 
199) which it resembles in the characters 
of the radial pore canals and the general 
ornamentation; but from which it differs in 
bearing a holomerodont hingement instead 
of an antimerodont one in having a more 
delicate and elegant shape, and in the caudal 
process which, in Stillina, is much longer 
and twisted in the terminal portion. 


STILLINA ASTERATA Laurencich, n. sp. 


Carapace tumid, guttiform, in side view. 
Dorsal margin straight; anterior margin 
obliquely rounded and, in well preserved 
specimens, dentate; ventral margin arcuate 
to the tip of the caudal process. The caudal 
process which is situated near the posterior 
cardinal angle is long, narrow, upturned and 
in the terminal portion is slightly twisted to 
the right in the right valve and to the left in 
the left one. Viewed dorsally the contact 
margin is straight to the terminal portion of 
the caudal process where the two dorsal 
borders are slightly disjoined. Surface 
coarsely pitted and bearing spines, one of 


TEXT-FIG. 2—Stillina asterata, n.sp. 


a, Paratype slide No. 4143, interior view of left 
valve. Locality c. 

b, Paratype slide No. 4143, dorsal view of right 
valve. lity c. 

c, Paratype slide No. 4143, dorsal view of the 
complete carapace. 

d, Paratype slide No. 4143, interior view of right 
valve. Locality c. 
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which is much more elongated and strong 
and projects backward-laterally in an 
alaeform manner. Eye tubercles very prom- 
inent. A slight depression extends from the 
center of the dorsal margin toward the 
venter. Viewed from the inside, the valves 
are deep especially in the ventral region. On 
the internal surface they show numerous 
holes, each one corresponding to an external 
spine. Hingement holomerodont, charac- 
teristic of the genus. Muscle scars indistinct. 
Radial pore canals short and delicate; only 
two or three have been seen in the anterior 
region and in the posterior. Sexual dimor- 
phism weak; the female is a little higher 
and the anterior-ventral area is more in- 
flated than in the male. 
Dimensions.—Greatest height anterior to 
center if one excludes the alaeform spine. 
Greatest length between the extreme point 
of the caudal process and somewhere below 
the middle of the anterior margin. Greatest 
thickness immediately above the alaeform 
spine. 
Measurement in millimeters of the figured 
specimens: 
Holotype, right valve of a male (Text-fig. 1a), 
length, 0.61; height 0.30. 
Holotype, left valve of a male (Text-fig. 1b), 
ength, 0.60; height 0.30. 
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Paratype, right valve of a female (Text-fig. 
1c), length 0.60; height 0.31. 

Paratype, left valve of a female (Text-fig. 
1d), length 0.60; height 0.32. 

Complete specimen (Text-fig. 2), thickness 
through the body, 0.30. 

Complete specimen (Text-fig. 2), thickness 
from spine to spine, 0.43. 


Repository.—Holotype, no. 4142, and 
paratype, no. 4143, both from sample ¢ 
are deposited in the Howe’s Collection, 
Lovisiana State University, Baton Rouge, 
Louisiana. A topotype is deposited in the 
United States National Museum, Washing- 
ton. 
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GIANT SCAPHOPOD FRAGMENT FROM THE LOWER STRAWN 
(PENNSYLVANIAN) OF NORTH-CENTRAL TEXAS* 


DONALD F. TOOMEY 
Shell Development Company, Houston 


The scaphopoda have received compara- 
tively little attention by paleontologists, 
although locally, as in some late Paleozoic 
marine sediments, they are quite abundant. 
They are perhaps overlooked as not being a 
readily apparent part of the fauna, because 
they generally are associated with a richer 
and varied assemblage of more obvious 
forms that are sought after by the collector, 
and hence scaphopods go unreported. There 


* Publication No. 107, Shell Development 
Company, Exploration and Production Research 
Division, Houston, Texas. 


is a dearth of literature dealing with 
Paleozoic scaphopods although Shrock & 
Twenhofel (1953, p. 363) report that more 
than 300 fossil species, mostly Tertiary 
forms, have been described in the literature. 

The giant scaphopod fragment under 
consideration was found May, 1956, in the 
Hill Creek beds of Lower Strawn age in 
southwestern Parker County, Texas, by 
D. L. Amsbury, who kindly loaned it to the 
author for study and description. In addi- 
tion the author and D. L. Amsbury obtained 
a fairly complete faunal collection from the 
scaphopod horizon. 
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Miller's scaphopod horizon 


Grindstone Creek 
formation 
Santo Ls. 


Millsap Lake group 


Strawn series 


Brannon Bridge member 
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Lazy Bend formation 


Meek Bend Ls. 


Hill Creek scaphopod 
horizon 


Dennis Bridge Ls. 


TExtT-F1G. —Generalized geologic section, modified from Hendricks, Vertical scale: 1” =200’. 


DENTALIUM (ANTALIS) RAYMONDI (Youn Dentalium (Antalis) raymondi MILLER, 1949, 
2 (Young) vol. 23, p. 387-391, pl. 76, 
g. 


?Dentalium sp. Girty, 1903, U. S. Geol. Survey, 


p- 1942, Jour The specimen studied is a fairly well 
Paleont., vol. 16, p. 120-121, pl. 20, fig. 3-68, preserved fragment not showing any effects 
12. 


of distortion or crushing. However, the 
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TEXT-FIG. 2—Dentalium (Antalis) raymond: (Young), X1. View of complete fragment showing 
numerous transverse convex growth lines and longitudinal section showing thick shell wall; from the 
Lower Strawn Lazy Bend formation in southwestern Parker County, Texas. 
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surface of the specimen has been exposed to 
weathering and much of the shell ornamen- 
tation has been obliterated. The over-all 
length of the preserved portion measures 
184 mm; posterior apertural diameter ap- 
proximately 40 mm, and anterior apertural 
diameter approximately 60 mm. The maxi- 
mum thickness of the shell is 7 mm, and is 
composed of numerous thin concentric 
layers. The exterior of the test is marked by 
abundant transverse, convex, growth lines. 
Associated with the scaphopods at the 
Hill Creek horizon was a dominantly mol- 
luscan fauna consisting of the following: 
Pelecypoda: 
Myalina sp. [fragmentsl 
Gastropoda: 
Bellerophon cf. crassus Meek & Worthen 
Straparolus (Amphiscapha) sp. 
Gontasma lasallensis (Worthen) 
Soleniscus? sp. 
Anomphalus cf. umbilicatus Knight 
Pseudozygopleura sp. 
Cephalopoda: 
Pseudorthoceras knoxense (McChesney) 
Polychaeta: 
Spirorbis sp. cf. S. carbonarius Dawson 


{Encrusting on shells of Dentalium sp. and 
Bellerophon cf. crassus Meek & Worthen.] 


It is of interest to note that many of the 
Dentalium shells were encrusted by poly- 
chaete worm tubes of the genus Spirorbis. 
Most of the scaphopod fragments had worm 
encrustations on either the ventral or dorsal 
sides of the shell; a few on both sides. This 
seemingly indicates a moderate amount of 
rolling of the shell, caused by wave currents, 
after death of the animal. The association 
of a dominantly molluscan fauna suggests a 
soft, muddy bottom environment compat- 
ible to molluscan growth. 

Remarks.—The above specimen is similar 
to the Dentalium fragments described by 
Girty (1903, p. 451-452) from the Cisco 
division near the town of Graham, Young 
County, Texas. His fragment measured 200 
mm. in length, a diameter of upwards of 30 
mm., and a shell thickness of from 4 to 5 
mm. Unfortunately the specimen was never 
figured. 

Miller (1949, p. 387-391, pl. 76) described 
and illustrated an unusually well preserved, 
essentially complete, giant scaphopod from 
Strawn beds in Palo Pinto County, Texas, 
that are stratigraphically younger than the 
Hill Creek horizon. Miller’s specimen mease 


ured 252 mm. in length; it had a posterior 
width of 10 mm., and a maximum width of 
35 mm. Miller referred his specimen as 
being conspecific to the fragments described 
from the Pennsylvanian of New Mexico 
by Young (1942, p. 120-121, pl. 20, fig. 3-6, 
8,12), which attained a length of 125 mm. 
and a maximum diameter of 29 mm. 

The most significant characters of the 
giant scaphopod fragment from the Hill 
Creek beds is the great length of the test, 
and the extremely large diameter of the 
apertural opening, which if expanded and 
tapered gradually would undoubtedly have 
attained a length of well over 300 mm. To 
the writer’s knowledge this marks the lowest 
stratigraphic horizon in which giant scapho- 
pods have been reported from the Pennsy]- 
vanian of North America. 

Occurrence—The giant scaphopod frag- 
ment came from the uppermost shales of the 
Hill Creek member of the Lazy Bend for- 
mation of Strawn age in southwestern 
Parker County, Texas. The exposure may 
be reached by traveling southwest on U. S. 
Highway 80 from Weatherford to Strawn; 
approximately 1.1 miles from the Brazos 
River turn south on a ranch road and travel 
southwest 7.3 miles to the Hill Creek local- 
ity. Exposures to the northwest consist of 
low rounded hills of Hill Creek shale capped 
by remnants of Meek Bend limestone. 

Repository—The University of Texas 
Pennsylvanian collection, UT-12039. 


REFERENCES 


CHENEY, M. G., 1940, Geology of north-central 
Texas: Amer. Assoc. Petrol. Geol., Bull., vol. 
24, p. 65-118, 10 text-fig. 

—, 1947, Pennsylvanian classification and 
correlation problems in north-central Texas: 
Jour. Geol., vol. 55, p. 202-219, 4 text-fig. 

Dawson, J. W., 1881, Note on Spirorbis con- 
tained in an ironstone nodule from Mazon 
Creek, with millipede: Boston Soc. Nat. Hist., 
Proc., vol. 21, p. 157-158. 

Girty, G. H., 1903, The Carboniferous forma- 
tions and faunas of Colorado: U. S. Geol. 
Survey Prof. Paper 16, p. 450-452. 

HEnpricks, L., 1956, Symposium of the Fort 
Worth basin area and field study of the Hill 
Creek beds of the Lower Strawn, southwestern 
Parker County, Texas: Guidebook, Permian 
Basin Section S.E.P.M. Spring Meeting and 
Field Symposium, May 11-12, 78 p., 19 pl., 
12 text-fig., 2 map. 

MILter, A. K., 1949, A giant scaphopod from 


tl 


= 


| 

ad 
q 
in 
Fl 

sk 

or 
pr 

di 
p! 

tk 
tc 
e 
L 
W 
is 
n 
t 
b 
h 
d 
I 
\ 


the Pennsylvanian of Texas: Jour. Paleont., 
vol. 23, p. 387-391, pl. 76. 
—, DunBar, C. O., & Conpra, G. E., 1933, 


The nautiloid cephalopods of the Pennsyl- 
vanian system in the mid-continent region: 
Nebraska Geol. Survey, Bull. 9, 2nd ser., 
p. 77-105, pl. 1-2. 

PrrsBry, H. A., & SHARP, B., 1897-1898, Scaph- 
opoda; Tryon’s manual of conchology... : 


PALEONTOLOGICAL NOTES 


461 


Philadelphia, vol. 17, xxxii+280 p., 39 pl. 

SHrock, R. R., & TWENHOFEL, W. H., 1953, 
Principles of invertebrate paleontology: New 
York, p. 362-363, text-fig. 10-7, p. 518, text- 
fig. 11-15. 

YounG, J. A., JR., 1942, Pennsylvanian scaph- 
opoda and cephalopoda from New Mexico: 
Jour. Paleont., vol. 16, p. 120-125, pl. 20, 
2 text-fig. 


NEW TECHNIQUE FOR CASTING FOSSILS AND FORMING MOLDS 


ROBERT O. VERNON 
Florida Geological Survey, Tallahassee 


Molds and impressions are among the 
more difficult fossil-preservations to study 
adequately. Invertebrates, in general, and 
mollusks, in particular, are poorly preserved 
in a carbonate section such as that of 
Florida. In most cases, an impression of the 
skeleton is all that is left of the original 
organism. These molds are generally well 
preserved, but the loosely cemented, granu- 
lar limestone and dolomite often make it 
difficult to chip them out of the rock. 

Several days are required to obtain a re- 
presentative collection of the fauna using 
wax or latex rubber impressions. With wax 
the impressions are generally poor, difficult 
to obtain, photograph badly, and deform 
easily, thus making them useless for types. 
Latex requires application in thin layers 
with intervals to dry; where the impression 
is in a quarry wall, retaining dams are com- 
monly required. There is a real need of some 
type of casting material that can be formed 
cold or under low heat. The material should 
be plastic and fluid enough to penetrate 
hair-like pores, veins and pits to give exact 
definitions of the mold. Some means of 
handling the material with the fingers is 
desirable and once inserted into a mold the 
material should set rapidly so that casts can 
be taken from exposures in vertical quarry 
walls, without the use of retaining dams. 
The setting time on the material should be 
within the range of five minutes, Simplicity 
in the mixing of ingredients, if separate 
substances are required, is very: desirable 
since it is impractical to take a number of 
containers, a delicate balance and mixing 
equipment into the field. The best substance 


would be a prepared mix to which water or 
some solvent could be added or one that 
would require a low heat. The resistance to 
acids and alkalies is not a requirement for 
fossil casting, but the cast must be rigid or 
must retain its shape, if elastic, and should 
not deform under normal temperatures and 
pressures. Such specifications would appear 
almost impossible to meet, but we have re- 
cently obtained from the Calresin Corpora- 
tion, 4543 Brazil Street, Los Angeles 39, 
California, a casting material known as 
“Green Mold Plastiflex’’ that meets all re- 
quirements. 

Plastiflex is a highly plasticized type of 
polyvinyl chloride of the hot melt variety. 
It is 100 per cent reclaimable; discarded, 
preliminary, and out-dated molds can be 
remelted and reused. The manufacturers 
recommend that the plastic be heated in an 
oil bath as the temperature must be kept 
within narrow ranges or Plastiflex will dis- 
color under too intense heat. The plastic is 
most fluid at 340° to 360° Fahrenheit. We 
have had success in using ‘‘canned heat”’ in 
the field and an electric hot plate, equipped 
with a variable rheostat in the laboratory. 
The heat can be applied directly beneath a 
large porcelain dish provided the plastic is 
stirred while in use. 

One characteristic worthy of note by 
those who have been forced to work with 
some of the vile-smelling casting compounds 
is that Plastiflex has a very pleasant piquant 
odor. The plastic when heated is very fluid 
and can be applied directly to the mold 
without previous treatment of the mold. It 
hardens instantaneously, upon cooling. 
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TExtT-F1G. /—Cast of mold taken from the 
Crystal River formation, Eocene age. 


The cast is elastic and retains the finest 
lines of the impression. 

Plastiflex has been used during the past 
year by the Florida Survey and we have 


made hundreds of casts of mollusks from 
the molds of the Ocala limestone. These 
are easy to work with, the material being 
inert and a hard, elastic plastic with a 
pleasant dark green color. The color and 
form of these molds photograph effectively 
(Text-fig. 1). 

To take casts of molds in rock, the follow- 
ing simple technique is employed: 

Heat (use canned heat in the field) in a 
porcelain dish until Plastiflex melts. Heat 
evenly to avoid burning and stir occasionally 
with a glass rod to a consistent fluid paste. 
Pour into mold, if it is possible to do so, or 
take a solid piece of the Plastiflex of appro- 
priate size to fill the mold, immerse the solid 
into the melt until coated and press into the 
mold. Pull out the cast. 


The Survey has also been successful in 
using Plastiflex for forming molds of verte- 
brate fossils. The details of casts taken from 
these molds equal or exceed the definition 
obtained from other molding compounds, 
and the time required to prepare the mold 
is reduced from hours to minutes. Because 
of the heat involved, caution must be taken 
to insure that the specimen to be cast is not 
cemented nor built up of materials such as 
wax, that will deteriorate under heat. 

The use of Plastiflex opens the possibility 
of obtaining casts of type vertebrate speci- 


TExT-FIG. 2—Mold of Plastiflex in “‘mother’’ mold of plaster of Paris. 
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mens in short time periods that will not 
involve large areas of space for mold prep- 
aration and will allow the original speci- 
men to be cast and returned immediately 
to storage or display. The plastic has been 
used for specimens as large as the jaw of the 
large Miocene dogs, where fine details were 
required. Molds of teeth of the sabre- 
toothed tiger have been prepared as fast 
as one per minute. 

Large specimens can be easily handled 
over an electric roaster equipped with re- 
movable containers and a thermostat con- 
trol. The roaster will hold from 30 to 35 
pounds of Plastiflex. A temperature of 350° 
Fahrenheit is best; the plastic deteriorates 
above this temperature. The plastic should 
not be kept melted longer than necessary, 
but if continuous casting or molding is 
being done and new material is being added 
periodically, continuous melts are permissi- 
ble. 
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Large porous bones contain air that may 
cause bubbles in the plastic, but if the 
Plastiflex is troweled or brushed on to 
make an initial thin coating, all of the details 
can be reproduced without this difficulty. 
Bubbling can also be overcome by preheat- 
ing the bone to about 200 degrees Fahren- 
heit before placing it into the melted 
Plastiflex. Plastiflex replaces the latex 
rubber commonly used in other molding 
methods, but molds and casts of plaster of 
Paris must be prepared in the usual way. 
Supporting or “‘mother’”’ molds of clay or 
plaster are required for casting of large 
specimens (Text-fig. 2). 

Those interested in further details may 
correspond with the Florida Geological 
Survey or the Calresin Corporation. The 
prevailing prices for Plastiflex Standard 
Mold Material range from 80 cents to 
$1.10 per pound, depending upon the 
quantity. 


MARINE ECOLOGY AS AN AID IN TEACHING 
INVERTEBRATE PALEONTOLOGY 


WILLIAM H. MATTHEWS III 
Lamar State College of Technology, Beaumont, Texas 


With the growth of paleoecology as an 
acessory exploratory technique of the 
petroleum geologist, the writer has at- 
tempted to introduce to his invertebrate 
paleontology classes some of the basic con- 
cepts of marine ecology. The encouraging 
results and the enthusiasm of the students 
prompted the writing of this paper. 

Many excellent references are available 
for reading assignments and current text- 
books have sections dealing with the 
ecology of all major taxonomic groups. The 
study of members of the various phyla 
from a zoological viewpoint and in their 
natural habitats emphasizes the importance 
of a biological background for the working 
paleontologist. 

Colleges and universities in coastal areas 
are favorably situated for investigations 
of this nature; however, institutions located 
a reasonable distance inland should find a 
longer trip well worth the time involved. 


Trips could be made in conjunction with 
invertebrate zoology or field ecology classes. 

A marine-ecology trip is conducted at 
Lamar Tech in one day because of prox- 
imity to the Gulf of Mexico. Several days 
prior to the trip an outline covering the 
following points is issued to the students: 


1) General area of investigation. The area in 
which the trip is to be conducted is briefly 
described. Geographical coordinates, type of 
coast line, range of tides, prevailing winds, type 
of bottom, depth, salinity and temperature of 
the water are some of the items covered. 

2) Specific stations to be studied. Stations are 
designated on the map and a brief description 
of each locality and the type of fauna to be 
encountered are noted. A typical description 
follows: 

Station I—Sydnors Bayou (See Map No. I), 

a partially closed body of water with a 
brackish water fauna. The bayou is sur- 
rounded by a small salt marsh, and pilings 
extend out into the water affording at- 
tachment for many sessile organisms. The 
salt marsh and mud flat exposed during 
low tide will be studied in some detail. 
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Several methods of study are used to 
obtain representative samples of the popu- 
lation at each station: 


Population sample counts. Approximately 
one square foot of substratum is outlined by 
means of a wooden frame and the surface is 
counted. The area may be spaded up, screened 
and washed and the remaining animals 
counted. 

Collection of specimens. May be accomplished 
in several ways: 

1) Screening. Burrowing clams, annelids, 
etc. may be taken by washing bottom 
material through a 36 X 24 inch screening 
frame. 

2) Spading. Certain mollusks and arthro- 
pods may be taken by digging near the 
opening of their burrows. 

3) Dip-net. Two nets are used, a large net 
with a one-half inch mesh of heavy 
netting is used for crabs and larger forms. 
A butterfly net is used to catch smaller 
organisms. 

4) Plankton catch. A plankton net is used to 

collect a representative sample of plank- 
ton and these forms are studied later 
under the microscope. 
Beach collecting. Certain animals may be 
left stranded by the tides and others are 
blown in from the Gulf and deposited on 
the beach. 

6) Near-shore dredging. A small dredge 
towed offshore will recover many neritic 
benthonic forms. 

Salinity determination. Hydrometers and 
Knudsen’s tables are used to obtain salinity 
readings at each station. 

Temperature readings. Both air and water 
temperatures should be taken at each station. 
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On Galveston Island, Texas, the following 
habitats may be conveniently studied: 


Rocky shore. At Galveston the rocky shore 
is a man-made environment resulting from the 
construction of a pair of stone jetties. Wave 
action, scour, and salinity variations are 
important in this environment. 

Sandy beach. The beaches support relatively 
few organisms, but burrowing pelecypods, and 
gastropods are found along the strand. Many 
dead shells of animals inhabiting the near- 
shore bottom may also be collected on the 

- beaches. These specimens are useful as com- 
parative material in the laboratory. 

Mud flat and brackish water. Forms typical 
of this hibitat may be studied with respect to 
environmental adaptation. 

Near-shore bottom. Inhabitants of this en- 
vironment are best collected by means of a 
small dredge. The plankton net may also be 
towed during this operation. 


The above habitats support interesting 
faunas representing different sedimentary 
and biological environments. 

Studies of this type acquaint the student 


with the paleoecological approach in the 
solution of paleontological and stratigraphic 
problems. The student is introduced to: 


1) A variety of ecological situations. 

2) Types of organisms inhabiting the environ. 
ments and their relationship to each other. 
Predators, scavengers, commensals, para- 
sites, and others are pointed out. 

3) Effect of these organisms on the sedi- 
mentary environment. 

4) Structural variations of organisms as a 
result of adaptation to such modes of life as 
burrowing, swimming, and attachment. 

5) Examples of faunal zonation and factors 
controlling zonation. 

6) The use of recent material in illustrating 
similarity among taxonomic groups and a 
comparison between recent and fossil forms. 

7) Methods by which fossil assemblages might 
be classified as biocoenoses or thanatoco- 
enoses. 

8) A systematic method of investigating the 
ecology of a given area. 

9) A correlation between neontological and 
paleontological techniques. 
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DonaLp L., Univ. of Arizona, Tucson, 

Buck, CHARLES E., Skelly Oi! Co., Box 2187, 
Amarillo, Tex. 

BuFFINGTON, Epwin C., U. S. Navy Electronics 
Lab., San Diego, Calif. 

Buncu, L., 5700 Lockton Lane, Mis- 
sion, Kan. 

BurGers, WILLEM, Can. Fina Oil, Bamlett 
Bldg., 630-632 Eighth Ave., Calgary, 
Alta., Canada 

BurRNETT, WILLIAM M., 431 Blanning Dr., Dal- 
las, Tex. 

*Burns, RosBert E., U.S. Navy Hydrographic 
Office, Suitland, Md. 

BUROLLET, PIEERE F., C. F. P., 114 Cours 
Gallieni, Bordeaux, Gironde, France 

Burscu, JAcoBus GEorGE, Phillips Venezuelan 
‘o., Apt. 1031, Caracas, Venezuela, 

Buscn, Daniet A., 1110 First Natl. Bank Bldg., 
Tulsa, Okla. 

Busu, JAMES, 2243 Stanmore Dr., Houston, Tex. 

*BUTLER, ELIZABETH MCGEE, Louisiana State 
Univ., Baton Rouge, La. 


ByRNE, FRANK E., Tidewater Oil Co., Box 
1611, Casper, Wyo. 

*BYRNE, JOHN V., Univ. of Southern California, 
Los Angeles, Calif. 


*CABEEN, RoBErT P., III, 8749 Clifton Way, 
Beverly Hills, Calif. 

CapIGAN, Rosert A., U. S. Geol. Survey, Box 
360, Grand Junction, Colo. 

CALDWELL, BARBARA S., 4306 Wendell St., 
Bellaire, Tex. 

CALDWELL, ELEANOR T., Humble Oil & Refg. 
Co., Box 1390, Hattiesburg, Miss. 

*CALEMBERT, LEON M. C., Univ. of Liege, Liege, 
Belgium 

— DEAN L., 1802 West Ave., Austin, 

ex. 

CAMACHO, ENRIQUE, Shell Oil Co., Box 1748, 
Baton Rouge, La. \ 

CaMERON, D. K., JR., The California Co., 800 
The California Co. Bldg., New Orleans, La. 

CAMPBELL, A. RICHARD, Shell Oil Co., Box 1861, 
Corpus Christi, Tex. 

CAMPBELL, CHARLES V., Carter Oil Co., Box 801, 
Tulsa, Okla. 

*CAMPBELL, Davin G., 17624 Martha St., 
Encino, Calif. 

— Ipa Comascul1, Vico Nuoro 14, Cagliari, 
taly 

CarRLSON, STANLEY A., Richfield Oil Corp., Box 
147, Bakersfield, Calif. 

Carmopy, Rosert A., 1636 Gentry Dr., Wichita, 
Ka 


n. 

*CARROLL, Dorortny, U. S. Geol. Survey, Agric. 
Research Center, Beltsville, Md. 

*CarsOLA, ALFRED J., U. S. Navy Electronics 
Lab., San Diego, Calif. 

M., 455 E. Main St., Ventura, 

alif. 

— Frep D., 2815 Morrison St., Houston, 

ex. 

Cary, CHARLES W., Union Oil Co. of California, 
Box 613, Bakersfield, Calif. 

CasTeER, KENNETH E., Univ. of Cincinnati, 
Cincinnati, Ohio 

*CASTIGLIOLA, JuLIus, 4319 Chestnut St., 
Bethesda, Md. 

— James B., 2148 East St., Golden, 

olo. 

Cuakravorty, S. K., New Superior Oils of 
Canada Ltd., 224 Ninth Ave., W., Calgary, 
Alta., Canada 

CuHaMNEY, T. Potter, 1524 Twenty-fourth St., 
N. W., Calgary, Alta., Canada 

*CHaAppaRS, MICHAEL S., U. S. Geol. Survey, 
Washingron, D. C. 

CHATHAM, WALTER, JR., 1401 N. Oak Ave., 
Mineral Wells, Tex. 

CHEETHAM, ALAN H., Louisiana State Univ., 
Baton Rouge, La. 

Manzo, No. 12 Namimatsu-chyo, 
Kishiwada City, Osaka, Japan 

CuHILINGAR, GEORGE V., 101 S. Windsor Blvd., 
Los Angeles, Calif. 

*CHILTON, MERTIE ANN, 3904 Fourth St., S. W., 
Calgary, Alta., Canada. 


Cali- 
Dr., 
bile, | 
kla- 
um, 
ina, 
ern 
ge, 
Us- 
ris, 

1, 
Qn, 
ie, 
jo 
rr, 
t, 
a, 
i- 
) 


470 SOCIETY RECORDS AND ACTIVITIES 


Coe. Joun, Univ. of Colorado, Boulder, 


0. 

Cuun, Haroxp A., 5215 Holly St., Bellaire, Tex. 

Cuurcu, CLiFFoRD C., Tidewater Oil Co., Box 
670, Bakersfield, Calif. 

*CIPOLLA, FRANCESCO, Universita degli Studi, 
Istituto Geologico, Palermo, Italy 

*Ciry, RAYMOND MAURICE, Faculte des Sciences, 
51 Rue Monge, Dijon, Cote d’Or, France 

*CLaRK, Dana KENT, 98 N. Second St., Camp- 
bell, Calif. 

*CLarK, Davin L., Southern Methodist Univ., 
Dallas, Tex. 

CLaRK, JOHN W., Magnolia Petr. Co., Box 900, 
Dallas, Tex. 

CiarK, Rosey H., 312 Pere Marquette Bldg., 
New Orleans, La 

CrarKson, LouIsE FREEMAN, 7B Oil Indus- 
tries Bldg., Corpus Christi, Tex. 

CLARKSON, WILLIAM G., JR., 1405 Mogford, Mid- 
land, Tex. 

CuassEN, WILLARD J., JR., Standard Oil Co. of 
California, Box 278, Oildale, Calif. 

CLEMENTs, THoMaS, Univ. of Southern Cali- 
fornia, Los Angeles, Calif. 

CuiFton, R: L., 1703 E. Maple St., Enid, Okla. 

—. L. M., Univ. of Wisconsin, Madison, 


is. 
CLuTE, WALKER S., 309 Havenstrite Bldg., 811 
W. Seventh St., Los Angeles, Calif. 
CosBaNn, WILuIaAM A., U. S. Geol. Survey, Federal 
Center, Denver, Colo. 
ee Joun A., 51 Donald St., E., Williston, 


Copy, Martua, Shell Oil Co., Box 2099, Hous- 
ton, Tex. 
ConEE, GeorcE V., U.S. Geol. Survey, Washing- 


ton, D. C. 
oe Jack, 911 San Jacinto Bldg., Houston, 


ex. 

*CoLLINs, ROBERT Louisiana State Univ., 
Baton Rouge, La. 

*CoLLinson, CHARLES W., State Geol. Survey, 
Univ. of Illinois, Urbana, III. 

*CoLoM, GUILLERMO, Isabel II No. 23, Soller 
(Balearic Islands), Spain 

ConkIN, JAMES E., Univ. of Cincinnati, Cincin- 
nati, Ohio 

ConniFF, JOHN J., Shell Oil Co., Ventura, Calif. 

CONNOLLY, FRANK T., Shell Oil Co., Box 1191, 
Tulsa, Okla. 

Bert L., 1125 Irving Ave., Glendale, 


CONSELMAN, FRANK B., 849 Leggett Dr., Abilene, 


Tex. 
Consicuio, Louis A., Shell Oil Co., Box 2099, 
Houston, Tex. 
Cartos E., 2448 E. Second, Tulsa, 


Cook, THEODORE D., Shell Oil Co., Box 1861, 
Corpus Christi, Tex. 

*CooLEy, Douctas R., Gulf Oil Corp., Box 
1111, Wichita Falls, Tex. 

*Coomss, Howarp A., Univ. of Washington, 
Seattle, Wash. 

Cooper, CHALMER L., U. S. Geol. Survey, 
Washington, D. C. 


CorpDELL, R. J., Sun Oil Co., 503 N. Central 
Expressway, Richardson, Tex. 

Corey, W. H., Continental Oil Co., 1137 Wil- 
shire Blvd., Los Angeles, Calif. 

CoRNELL, JAMES R., Pan American Petr. Corp., 
2819 Dakota, N. E., Albuquerque, N. Mex. 

||\CorRENS, CaRL W., Mineralogische Institut, 
Universitat Géttingen, Gottingen, Germany | 

— , H. N., 3477 Far Hills Ave., Dayton, 

io 

Cotron, Epcar A., Pan American Petr. Corp., 
Box 3092, Houston, Tex. 

Cox, BEN B., Gulf Res. & Devel. Co., Box 2038, 
Pittsburgh, Pa. 

Cram, Ira H., Continental Oil Co., Box 2197, 
Houston, Tex. 

CRAVER, FRANK S., JR., 821 E. River Rd, 
Shreveport, La. 

*CRAWFORD. FRANK DouGtas, Union Oil Co. 
of California, Orcutt, Calif. 

CREAGER, J. S., Texas A. & M. College, College 
Station, Tex. 

*CRESPIN, IRENE, Mineral Resources Survey, 
Melbourne Bldgs., Canberra, A. C. T., 
Australia 

CromBIzE, Gorpon P., 237 Seventh Ave. W., 
Alta., Canada 

— ‘AREY, The Rice Institute, Houston, 

ex. 

*Cropp, FREDERICK W., III, Univ. of Illinois, 
Urbana, IIl. 

Crotty, Burns M., Box 54, Abilene, Tex. 

— RoBERrtT W., 3427 Broadmead, Houston, 


ex. 

Crow .ey, A. J., 1901 Fairfax St., Denver, Colo. 

Cruse, Joun S., Jr., Arabian American Oil Co., 
505 Park Ave., New York, N. Y. 

CULBERTSON, WILLIAM C., U. S. Geol. Survey, 
Box 6147, University, Ala. 

—= F., 912 W. Wilson St., Norman, 

Curray, JOSEPH R., — Institution of Ocean- 
ography, La Jolla, Calif. 

Curtis, Doris MALKIN, 1231 Dakota St., Nor- 
man, Okla. 

*CurTis, NEVILLE M., Jr., 1231 Dakota St., 
Norman, Okla. 

CuVILLIER, JEAN, Lab. de Geologie Appliquee, 
191 rue Saint Jacques, Paris, France 


DAETWYLER, CaLvin C., Carter Oil Co., Box 
801, Tulsa, Okla. 

DaLEON, BENJAMIN A., Philippine Oil Devel. 
Co., Inc., #23 Merchan St., Lucena, Quezon 
Prov., Philippines 

DALLY, JESSE L., Esso Standard (Turkey) Inc., 
Bilir Sokak 1, Kavaklidere, Ankara, Turkey 

DaMERON, WYLLIE F., B. B. M. Drilling Co., 206 
West Bldg., Midland, Tex. 

Damon, H. Gorpon, Box 7561, University Sta., 
Austin, Tex. 

DaNnEHY, Epwarp A., Shell Oil Co., Box 1347, 
Shreveport, La. 

DANNER, WILBERT, R., Univ. of British Colum- 
bia, Vancouver, B. C., Canada 

DanTE, JOHN H., 4501 Woodfield Rd., Kensing- 
ton, Md. 
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DaprLEs, Epwarp C., Northwestern Univ., 
Evanston, III. 
Darrow, GEORGE F., Box 2076, Billings, Mont. 
Darrow, RicHARD L., 2024 Lambourne Ave., 
Salt Lake City, Utah 
ove. Bitty GLEN, 4005 Thomason, Midland, 
ex. 
Davis, CHARLES E., Gulf Oil Corp., Box 1111, 
Wichita Falls, Tex. 
— N., Stanford Univ., Stanford, 
alif. 
CARVALHO, G. SOARES, Caixa Postal 1529, 
Luanda, Angola 
DECKER, CHARLES E., Univ. of Oklahoma, Nor- 
man, Okla. 
—e- M., 1220 Rosalia Dr., Bakersfield, 
1 


*pE CsERNA, GLORIA ALENCASTER, Instituto de 
Geologia, Ciudad Universitaria, Mexico, 
D. F., Mexico 

DELANEY, PaTRICK J., Instituto de Ciencias Na- 
turais, Porto Alegre, Brazil, S. A. 

DELLwIG, Louis FIELD, Univ. of Kansas, Law- 
rence, Kan. 

DELonG, JACK M., Box 1732, Casper, Wyo. 

DeNHAM, RICHARD L., Humble Oil & Refg. Co., 
Box 2180, Houston, Tex. 

Denison, A. RopGER, Amerada Petr. Corp., 
Box 2040, Tulsa, Okla. 

Dennis, LyMANn C., 2706 Republic Natl. Bank 
Bldg., Dallas, Tex. 

—- Henry W., 417 E. Weinert, Seguin, 

ex. 

DEUSSEN, ALEXANDER, 407 San Jacinto Bldg., 
Houston, Tex. 

DEWI1rt, REIN, Sohio Petr. Co., 528 Eighth Ave., 

W., Calgary, Alta., Canada 

*Dietz, RoBerT S., O.N.R.L., Box 39, Navy 
100, c/o Fleet Post Office, New York, N. Y. 

*DIJKSTRA, SYBREN JAN, Akerstraat 88, Heerlen, 
Netherlands 

DILLINGHAM, HERVIE, JR., Atlantic Refg. Co., 
Box 1346, Houston, Tex. 

*Doan, Davip B., Geol. Survey Branch, 29th 
Engr. Bn. (Base Topo), A.P.O. 500, c/o 
Postmaster, San Francisco, Calif. 

*Dopce, Harry W., JR., Univ. of Massachusetts, 
Amherst, Mass. 

|| DoEGLas, Jacosus, Lab. voor Mineralogie 
en Geol., Duivendaal 2, Wageningen, 
Netherlands 

DONNELLY, ALDEN S., Honolulu Oil Corp., 
Drawer 1391, Midland, Tex. 

DonocuuE, Davin, Fort Worth Natl. Bank 
Bldg., Fort Worth, Tex. 

DononvuE, JoHN J., Arabian American Oil Co., 
Dhahran, Saudi Arabia 

DoROSHENKO, JERRY, 711 Ave. B., Billings, 
Mont. 

Dott, RoBertT H., JRr., Terrestrial Sci. Sec., Air 
Force Cambridge Research Center, Bedford, 


Mass. 

Dovctass, H. Marvin, Champlin Refg. Co., 303 
Koch Bldg., Wichita, Kan. 

Downs, GEorGE R., 224 C. A. Johnson Bldg., 
Denver, Colo. 


DRAKE, RoBeErRT T., 2601 Kemp Blvd., Wichita 
Falls, Tex. 

Dresser, HuGu W., 719 Flint St., Laramie, Wyo. 

Driver, HERSCHEL L., 11 Phillips Rd., Palo 
Alto, Calif. 

*DROOGER, CORNELIS WILLEM, Bergweg 13a, 
Zeist, Netherlands 

DuBar, JuLes R., Southern Illinois Univ., 
Carbondale, III. 

Dunsar, Cart O., Yale Univ., New Haven, 
Conn. 

*DUNCAN, JOHN KENNETH, U. S. Navy Hydro- 
graphic Office, Washington, D. C. 

Dunuay, R. J., Shell Devel. Co., 3737 Bellaire 
Blvd., Houston, Tex. 

JoHN B., Jr., 4432 McFarlin Blvd., 
Dallas, Tex. 

DuNNINGTON, HAROLD V., Iraq Petr. Co. Ltd., 
Box 1, Kirkuk, Iraq 

DurHAM, CLARENCE O., JR., Louisiana State 
Univ., Baton Rouge, La. 

— J. Wyatt, Univ. of California, Berkeley, 

if. 

DurKEE, Epwarp F., c/o H. R. Allison, Jr., 
Caltex (Philippines) Services, Inc., Shurdut 
Bidg., Manila, Philippines 

DusENBERRY, A. N., JR., Creole Petr. Corp., 
Jusepin, Venezuela, S. A. 


ee D. Hoye, 1625 Palma Plaza, Austin» 


ex. 

Eason, WILLIAM O., JR., 3137 Sawtelle Blvd., 
Los Angeles, Calif. 

Easton, WILLIAM H., Univ. of Southern Cali- 
fornia, Los Angeles, Calif. 

Eaton, R. W., Box 179, Tyler, Tex. 

Ecuots, Dorotny JuNG, 218 Calverton Rd., 
Ferguson, Mo. 

EpGELL, H. Stewart, Iranian Oil Exploration 
and Producing Co. N.V., Masjid-i-Suliamin, 
via Abadan, Iran 

EpsaLL, Tuomas D., III, 1064-103 Barnaby 
Terrace, S. E., Washington, D. C. 

*EpWARDS, WILLIAM R., 175 W. Tenth Ave., 
Columbus, Ohio 

EHLMANN, ARTHUR J., 1215 E. Third So., Salt 
Lake City, Utah 

EICHER, DoNALD B., Continental Oil Co., Box 

2197, Houston, Tex. 
EISENBERG, MARVIN, The Montaine Corp., 2446 
Prairie Ave., Chicago, III. 
EISNER, STEPHEN M., 1711 Republic Bldg., 
- Oklahoma City, Okla. 

Exras, GREGorY K., Gulf Oil Corp., Box 1589, 
Durango, Colo. 

Euias, Maxim K., State Geol. Survey, Univ. of 
Nebraska, Lincoln, Neb. 

— 2426 Zandia Ave., Long Beach, 

if. 

ALBERT JR., Pan American Petr. 
Corp., Box 3092, Houston, Tex. 

E.its, BROOKS FLEMING, New York Univ., New 
York, N. Y 

—- SAMUEL P., JrR., Univ. of Texas, Austin, 

ex. 

ELLsworTH, ELMER W., The American Associ- 
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tion of Petroleum Geologists, Box 979, Tulsa, 


Okla. 

Emeis, J. D., 37. V. Wijngaerdenstraat, The 
Hague, Netherlands 

Emery, KENNETH O., Univ. of Southern Cali- 
fornia, Los Angeles, Calif. 

*EMILIANI, CESARE, Univ. of Chicago, Chicago, 
Ill 


Harotp E., Univ. of Tulsa, Tulsa, 

kla. 

ERIcKsSON, Rosert H., 4320 Coronation Dr., 
Calgary, Alta., Canada 

*ETHINGTON, RAYMOND L., State Univ. Iowa, 
Iowa City, Iowa 

ETTER, JoHN, Box 1167, Oil Center Station, 
Lafayette, La 

*EVELAND, HARMON E., Lamar State College of 
Technology, Beaumont, Tex. 

Ewsank, NorMAN W., JR., Texas Pacific Coal 
& Oil Co., Box 2037, Midland, Tex. 

EyMANN, JAMEs L., Western Gulf Oil Co., Bakers- 
field, Calif. 


FAIRBRIDGE, RHODES W., Columbia Univ., New 
York, N. Y. 

*FarRLEY, WILLIAM M., Johns Hopkins Univ., 
Baltimore, Md. 

Fan, Paut H., Univ. of Houston, Houston, Tex. 

*Fay, RoBert O., State Geol. Survey, Univ. of 
Oklahoma, Norman, Okla. 

Feray, Dan E., Magnolia Petr. Co., Box 900, 
Dallas, Tex. 

Fercuson, GLENN C., Box 245, Station B., 
Bakersfield, Calif. 

F — H. C., 934 Esperson Bldg., Houston, 


ex. 
R., 118 Wightman, Pittsburgh, 


a. 
Pui.ip, 1804 Plains Park, Roswell, N. 
ex. 

FINLeEy, Emmett A., U. S. GEoL. SuRVEy, Wash- 
ington, D. C 

FIsCHER, ALFRED G., Princeton Univ., Prince- 
ton, N. J. 

*FISHER, ROBERT W., 4511 Duplessis St. New 
Orleans, La. 

Fisk, Harotp N., Humble Oil & Refg. Co., Box 
2180, Houston, Tex. 

FLAGLER, C. W., Gulf Oil Corp., Box 35, Bowling 
Green Sta., New York, N. Y. 

FLawn, PETER T., Bureau of Economic Geology, 
Univ. of Texas, Austin, Tex. 

*FLEMING, FREDERICK A., 15432 E. Garo St., 
Puente, Calif. 

FLores, GIovANNI, Gulf Italia Co., Via del 
Giardino 3, Palermo, Italy 

*FLUGEL, HELMuT, Geologisches Institut, Graz 
Universitat, Graz, Austria 

*FoLk, RoBERT L., 1107 Bluebonnet, Austin, Tex. 

FoLk, STEwarT H., Largo degli Abeti 10, Paler- 
mo, Italy 

Fonc, GeorGce, Home Oil Co. Ltd., 304 Sixth 
Ave., W., Calgary, Alta., Canada 

ForGcotson, JAMES M., Jr., Pan American 
Petr. Corp., Box 591, Tulsa, Okla. 

Forman, McLain J., 424 Whitney Bldg., New 
Orleans, La. 
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Forrest, Lesu C., 2417 Chester Lane, Bakers- 
field, Calif. 

Fountain, H. C., 765 Ross Ave., Abilene, Tex. 

Fox, STEVEN K., JR., Rutgers Univ., New Bruns- 
wick, N. J. 

FRAUTSCHY, JEFFERY DEAN, 2625 Ellentown Rd., 
La Jolla, Calif. 

FREDERICKSON, EpwarbD A., Univ. of Oklahoma, 
Norman, Okla. 

*FREEMAN, VAL LERoy, U. S. Geol. Survey, 
Box 4004, College, Alaska 

— Hucu N., 1118 Mogford St., Midland, 

ex. 

FRIDDLE, ANNABELLE RICHARDSON, 411 N. 
Behrend St., Farmington, N. Mex. 

*FRIEDMAN, GERALD M., Pan American Petr. 
Corp., Box 591, Tulsa, Okla. 

Fritz, Epwarp B., Union Oil Co. of California, 
17810 S. Central Ave., Compton, Calif. 

on JoserH F., 310 Coffee St., De Quincy, 


FRIzZELL, Don L., 6 Rolla Gardens, Rolla, Mo. 

Frost, JAcK, Frost Oil Co., 2106 Tower Petr. 
Bldg., Dallas, Tex. 

Frye, JoHN C., State Geol. Survey, Univ. of 
Illinois, Urbana, III. 

*FUCHTBAUER, Hans, Geologisches Labor., Ge- 
werkschaft Elwerath, Hindenburgstr. 28, 
Hannover, Germany 

*Fuyimoto, Haruyosut, Geol. and Min. Inst., 
Tokyo Univ. of Education, Otsuka, Tokyo, 
Japan 

FuLMER, CHARLES V., 557 Roy St., Seattle, 
Wash. 

Fuqua, IRENE SRiIBNY, 3729 Binkley Ave., Dal- 
las, Tex. 

Furnisu, W. M., State Univ. Iowa, Iowa City, 
Iowa 

*FURRER, Max Aporpu, Cia. Petrolera Cali- 
ee 189, Guatemala City, Guate- 
mala, 


*GALLIERS, JOHN A., Manabi Exploration Co., 
Apt. 4075, Guayaquil, Ecuador, S. A. 

*GALLITELLI, E. MONTANARO, Istituto di Geolo- 
gia, Universita, Modena, Italy 

— J. J., Indiana Univ., Bloomington, 


nd. 
4548 Windsor Lane, Bethesda, 


*GARMON, GEORGE, Sun Oil Co., Box 1270, Mc- 
Allen, Tex. 

Garrett, J. B., Jr., Pan American Petr. Corp., 
Box 3092, Houston, Tex. 

*GARRISON, LowELL E., Western Gulf Oil Co., 
Ventura, Calif. 

*GARRISON, Louis ELDRED, 1104 N. College, El 
Dorado, Ark. 

GasTIL, RussELL Gorpon, Box 236, Alpine, 


*GEDNETZ, DoNALD E., Box 82, Beloit, Ohio 
Gees, RupotF A., Union Oil of California, Res. 
Center, Brea, Calif. 
*GEHRIG, JOHN LEONARD, 1612 Johnson St., 
La Crosse, Wisconsin 
Georce_ R., 200 Capitol Bldg., Midland, 
ex, 
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*G1BSON, LEE B., Creole Petr. Corp., Apt. 172, 
Maracaibo, Venezuela, S.A. 

GILBERT, CHARLES M., Univ. of California, 
Berkeley, Calif. 

*GiLL, HAROLD E., West Broad St., Hopewell, 
N 


GILLULy, JAMES, U. S. Geol. Survey, Federal 
Center, Denver, Colo. 

GIMBREDE, Louis A., Southwestern Louisiana 
Inst., Lafayette, La. 

— Rosert N., Shell Oil Co., Miami, 
la 


*GLAESSNER, MARTIN F., Univ. of Adelaide, 
Adelaide, South Australia 

GLEZEN, WILLIAM HAYDEN, 6114 Verona Rd., 
Verona, Pa. 

GOoLpIcH, SAMUEL S., Univ. of Minnesota, Min- 
neapolis, Minn. 

*GoLDMAN, Marcus I., 1234 Rebecca Dr., Hollin 
Hills, Alexandria, Va. 

GoLDSsTEIN, AuGusT, JR., 1634 E. Thirty-sixth 
Ct., Tulsa, Okla. 

GOLLNICK, ROBERT L., c/o Ralph E. Davis, 
1238 Commerce Bldg., Houston, Tex. 

*GoMEZ, JosE Royo y, Apt. 4585, Caracas, 
Venezuela, S. A. 

Goocu, DEE D., Box 52, Lafayette, La. 

GoopricH, PAuL K., 1334 Esperson Bldg., Hous- 
ton, Tex. 

Gorpon, MACKENZIE, JR., U. S. Geol. Survey, 
Washington, D. C. 

GoRRELL, Harotp A., Tidewater Oil Co., 
Calgary, Alta., Canada 

GorsLINE, Donn S., 2626 Portland St., Los 
Angeles, Calif. 

GouLp, Howarp R., Humble Oil & Refg. Co., 
Box 2180, Houston, Tex. 

*Gowpa, S. SAMBE, Dept. of Geol., Univ. of 
Adelaide, Adelaide, S. Australia 

*GRADY, JOHN R., 490 Maylin, Pasadena, Calif. 

— Josern J., Stanford Univ., Stanford, 

1 


GRANT, DRANE F., La Pryor, Tex. 
GranT, RIcHARD E., Univ. of Texas, Austin, 


Tex. 

Grant, U. S., IV., Univ. of California, Los 
Angeles, Calif. 

Grasso, VOLKER C., 911 Cravens Ave., San 
Antonio, Tex. 

*GRAVENOR, ConrAD P.. Research Council of 
Alberta, Edmonton, Alta., Canada 

Gray, DonaLp ArTHUR, 4028 Boyd Ave., Fort 
Worth, Tex. 

Gray, Henry H., State Geol. Survey, Univ. of 
Indiana, Bloomington, Ind. 

GREEN, Cecit H., ophysical Service Inc., 
5900 Lemmon Ave., Dallas, Tex. 

*GREEN, KEITH E., Univ. of Southern Cali- 
fornia, Los Angeles, Calif. 

GREENE, FRANK C., Forest Haven Apts., 2838 
Forest Ave., Kansas City, Mo. 

*GREENMAN, NorMAN N., Shell Oil Co., Box 691, 
Ventura, Calif. 

*GREENSMITH, JOHN TREVOR, Queen Mary Col- 
lege, London, England 

— JosErH N., Box 243, San Angelo, 
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GriBi, Epwarp A., JR., 15 Linden Dr., Great 
Falls, Mont. 

GRIFFIN, GEORGE M., Shell Devel. Co., 3737 
Bellaire Blvd., Houston, Tex. 

GriFFitus, J. C., Pennsylvania State Univ., 
University Park, Pa. 

— R. B., 2810 E. Twenty-sixth St., Tulsa, 

a. 

GriLeEy, H. L., Box 325, Van Buren, Ark. 

Grim, E., Univ. of Illinois, Urbana, III. 

*GRIMM, KENNETH E., Univ. of Idaho, Moscow, 
Idaho 

GRIMSDALE, THoMAs F., Koninginnegracht 134, 
The Hague, Netherlands 

*Grip, ERLAND, Boliden Mining Co., Boliden, 
Sweden 

Grusss, Davin M., 1320 Mercentile Bank Bldg., 
Dallas, Tex. 

*GULLENTOPS, FRANK B., Leopoldstreet 39, 
Louvain, Belgium 

*GUREL, MEHMET, Misiri Casmisi Yaninda, 
Askaroglu Cikmazi No. 35, Afyon, Turkey 

Gussow, WILLIAM C., Union Oil Co. of Cali- 
fornia, 709 Eighth Ave., W., Calgary, Alta., 
Canada 

GUTIERREZ, FERNANDO I., Univ. of the Philip- 
pines, Quezon City, Philippines 

GutTscHick, RayMonD C., Univ. of Notre Dame, 
Notre Dame, Ind. 

GuzMaN, Epvuarpo J., Petroleos Mexicanos, 
Humboldt 30, Mexico, D. F., Mexico 


*Haack, NorMAN E., 619 N. Second Ave., E., 
Rock Rapids, Iowa 
T., U. S. Geol. Survey, Washington, 


HapLey, H., Jr., Mene Grande Oil Co., 
Apt. 709, Caracas, Venezuela, S. A 

HAERTLEIN, JAMES A., Nortex Oil & Gas Co., 
1900 Life of America Bldg., Dallas, Tex. 

*HaGn, HERBERT, Mettinghstr. 4/1 m, Munich, 
Germany 

— CuarLEs F., 3605 Travis Ave., Midland, 


ex. 

Hasouty, M. T., The Michel T. Halbouty 
Bldg., 5111 Westheimer Rd., Houston, Tex. 

HAtsTeED, Morris E., Amerada Petr. Corp., 1811 
Esperson Bldg., Houston, Tex. 

HALLSTEIN, WILLIAM W., Carter Oil Co., Dur- 
ango, Colo. 

HAMBERG, LAWRENCE R., Shell Oil Co., Box 2099, 
Houston, Tex. 

HAMBLIN, RAtpu H., Box 384, Olney, IIl. 

HAMBLIN, WILLIAM K., Univ. of Michigan, Ann 
Arbor, Mich. 

HamIL_, M., The Texas Co., 929 S. 
Broadway, Los Angeles, Calif. 

HAMILTON, Epwin LEE, U. S. Navy Electronics 
Lab., San Diego, Calif. 

Hamitton, I. B., 3552 Centenary Dr., Dallas, 
Tex. 

Hanna, G. Dattas, California Academy of 
Sciences, San Francisco, Calif. 

Hanna, Marcus A., 5311 Kirby Dr., Houston, 


ex. 
*HANSMAN, RosBeErT H., State Univ. Iowa, Iowa 
City, lowa 
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HANSON, ALVIN M., 409 North Lane, Worland, 


yo. 

*HANZAWA, SHOSHIRO, Inst. of Geol. & Pal., To- 
hoku Univ., Sendai, Japan 

Harces, Marvin E., Gulf Oil Corp., Box 1150, 
Midland, Tex. 

Har Ton, Bruce H., Amerada Petr. Corp., Box 
2040, Tulsa, Okla. 

HARRINGTON, GEORGE L., Stanford University, 
Stanford, Calif. 

Harris, J. RICHARD, 818} E. Thirtieth, Austin, 


ex. 

Harris, REGINALD W., Univ. of Oklahoma, 
Norman, Okla. 

Harris, STEVEN H., Box 5, Bismarck, N. Dak. 

HarRISON, CLYDE E., Continental Oil Co., Box 
431, Midland, Tex. 

*HARRISON, PHILIP W., State Geol. Survey, Univ. 
of Indiana, Bloomington, Ind. 

*Hatal, Kotora, Dept. of Geol., College of Edu- 
cation, Tohoku Univ., Kita 7-Bancho, Sen- 
dai, Japan 

*HATHAWAY, JOHN C., U. S. Geol. Survey, Agric. 
Research Center, Beltsville, Md. 

wee Donap E., S. Main St., N. Conway, 


Hawkins, GLENN D., 909 First Natl. Bank Bldg., 
Tulsa, Okla. 

Hawkins, Harotp H., U. S. Geol. Survey, 
Washington, D. C. 

*Hay, WILLIAM W., Univ. of Illinois, Urbana, III. 

Hayes, JoHN R., Colorado School of Mines, 
Golden, Colo. 
Hayes, Putvip T., U. S. Geol. Survey, Box 187, 
University Sta., Albuquerque, N. Mex. 
HAzzarD, JOHN C., Union Oil Co. of California, 
617 W. Seventh St., Los Angeles, Calif. 
Hazzarp Roy T., Gulf Refg. Co., Box 1731, 
Shreveport, La. 

HEaAcocK, RoBertT L., Shell Oil Co., Box 720, 
Casper, Wyo. 

HEALD, MILTON Tipp, West Virginia Univ., 
Morgantown, W. Va. 

*HecuT, RicuarD J., U. S. Geol. Survey, 917 
P. O. Bldg., Boston, Mass. 

HEDBERG, Ho tis D., Gulf Oil Corp., Box 1166, 
Pittsburgh, Pa. 

HEEZEN, Bruce C., Lamont Geological Observa- 
tory, Palisades, N. Y. 

HEnpEsT, Lioyp G., U. S. Geol. Survey, Wash- 
ington, D. C. 

Henpricks, Leo, Texas Christian University, 
Fort Worth, Tex. 

HENDRIX, WILLIAM E., Standard Oil Co. of 
California, Los Angeles, Calif. 

HENTON, JoHN M., Jr., 409 Charleston Ave., 
Mattoon, III. 

*HERBERT, PAUL, JR., Tri-State Zinc Inc., Box 
1011, Galena, 

*HERRING, Lois Scuutz, 400 E. Marigold St., 
Altadena, Calif. 

HersHEY, ALAN R., Shell Oil Co., Box 999, 
Bakersfield, Calif. 

eee Harry H., Princeton Univ., Princeton, 


HEsSLAND, Ivar, Geol. Dept., Stockholms hog- 
skola, Stockholm, Sweden 
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HeEyMaN, Louis, Continental Oil Co., Box 795 
Oklahoma City, Okla. 

*HIBBARD, RAYMOND R., 219 Bissell Ave., Buf- 
falo, N. Y 

*HICKERNELL, RoBerRT L., Rt. 7, Box 344 
Bakersfield, Calif. 

*Hicazy, Rrap A., Fac. of Science, Univ. of 
Moharram Bey, Alexandria, 

gypt. 

Hicoins, Grove L., Jr., Carter Oil Co., Box 77, 
Worland, Wyo. 

Hicoins, JAMES W., Standard Oil Co. of Cali- 
fornia, Box 2437, Los Angeles, Calif. 

Hicoins, Maurice J., Shell Oil Co., Box 1861, 
Corpus Christi, Tex. 

Hiccs, R., Louisiana Polytechnic Inst., 
Box 338, Ruston, La. 

*Hitcers, C. L. L., 1402 Twenty-ninth St., 
S. W., Calgary, Alta., Canada 

HILL, JouN D., Univ. of Colorado, Boulder, Colo. 

HINcHEY, NorMAN S., Washington Univ., St. 
Louis, Mo. 

Hitt, Jack L., Superior Oil Co., Midland, Tex. 

HockmaN, JAMES N., Box 68, Salem, III. 

HOFFMEISTER, WILLIAMs S., Carter Oil Co., Box 
801, Tulsa, Okla. 

*HoFKER, JAN, Scheveningse laan 157, The 
Hague, Netherlands 

Hotcoms, CHarLes W., Humble Oil & Refg. 
Co., Box 1271, Corpus Christi, Tex. 

Hotcoms, Leroy D., Shell Oil Co., 1901 Main 
Ave., Durango, Colo. 

HOLLAND, FRANK D., JR., Univ. of North Da- 
kota, Grand Forks, N. Dak. 

HoLiipay, SAMUEL, 207 Mulberry Lane, Bel- 
laire, Tex. 

*HOLLINGSworTH, J. S., Colorado School of 
Mines, Golden, Colo. 

HOLLINGswortH, R. V., Paleontological Labora- 
tory, Box 51, Midland, Tex. 

Hott, Orin R., State Geol. Survey, Indiana 
Univ., Bloomington, Ind. 

— J. E., 2080 Obispo Ave., Long Beach, 


if. 

Hoover, Linn, U. S. Geol. Survey, 4 Homewood 
Pl., Menlo Park, Calif. 

Hopkins, ALFRED A., JR., Richfield Oil Corp., 
Box 147, Bakersfield, Calif. 

Hopkins, M. E., Univ. of Tulsa, Tulsa, Okla. 

HornaDAy, Gorpon R., Standard Oil Co. of 
California, Bakersfield, Calif. 

HORNBERGER, JOSEPH, JR., 622 San Jacinto 
Bldg., Houston, Tex. 

Horton, CLAuDE W., 3213 Cherry Lane, Austin, 


ex. 
Hovuca, Jack L., Univ. of Illinois, Urbana, III. 
HowarD, JESSE JAMES, Creole Petr. Corp., Mara- 
caibo, Venezuela, S. A- 
tHowe, Henry V., Louisiana State Univ., 
Baton Rouge, La. 
*HowELL, B. F., Princeton Univ., Princeton, N. J. 
Hsu, K. Jrncuwa, Shell Devel. Co., 3737 Bellaire 
Blvd., Houston, Tex. 
HuBERT, JoHN F., Meadowbrook Rd., Dover, 


ass. 
HuFFMAN, GEorGE G., Univ. of Oklahoma, Nor- 
man, Okla. 


HucHes, ADEN W., Goudkoff & Hughes, 799 
Subway Terminal Bldg., 417 S. Hill St., 
Los Angeles, Calif. 

Hucues, R. J., JR., Box 245, University, Miss. 

HUGHES, URBAN B., 1083, Laurel, Miss. 

*HuGI, THEODOR, Dept. Mineralogy, University, 
Sahlistrasse 6, Bern, Switzerland 

Hutt, JosePH P. 'D., Jr., Humble Oil & Refg. 
Co., Box 1600, Midland, Tex. 

HuME, JAMES D., Purdue Univ., W. Lafayette, 
Ind. 

Hunt, C. WarkEN, Petcal Ltd., 528 Ninth Ave., 
W,, Calgary, Alta., Canada 

M. Shell Oil Co., Box 2037, 
Tyler, Tex. 

HURLEY, or W., 258 Glendora Ave., Long 
Beach, 

*HUSAIN, leak Rraz, Union Oil Co. of Cali- 
fornia, 709 Eighth Ave., W., Calgary, Alta., 
Canada 

Hussey, Ke1TH M., Iowa State College, Ames, 
Iowa 

HutTcHEsoNn, R. B., Superior Oil Co., Box 1031, 

Bakersheld, Calif. 


Ikins, WILLIAM CLypDE, 538 Texas Natl. Bank 
Bldg., Houston, Tex. 

*ILLIES, JURGEN HENNING, Hebelstr. 40, Frei- 
burg, Germany 

IMBRIE, JOHN, Columbia Univ., New York, N. Y. 

INGRAM, Roy L., Univ. of North Carolina, 
Chapel Hill, N. Car. 

*InMAN, DoucGvLas L., Scripps Institution of 
Oceanography, La ‘Jolla, Calif. 

— HvuBert A., Univ. of Kansas, Lawrence, 

n. 

ISBELL, GROVER J., Cameron ‘Oil Co., 1518 
Liberty Bank Bldg., Oklahoma City, Okla. 

ISRAELSKY, MERLE C., 'U. S. Geol. Survey, 4 
Homewood PI., Menlo Park, Calif. 

*ITEN, KEN W.B., Benguet Consolidated Mining 
Co., Baguio City, Mt. Province, Philippines 


JACOBSEN, LyNN, Sohio Petr. Co., 1300 Skirvin 
Tower, Oklahoma City, Okla. 

JAEKEL, JULIE ANNE, 11 Riverside Dr., New 
York, N. Y. 

*] AMES, GIDEON T., Univ. of California, Berke- 
ley, Calif. 

Janes, JouN W., Bahrein Petr. Co. Ltd., Awali, 
Bahrein Island, Persian Gulf. 

JEFFORDS, RUSSELL’ M., Humble Oil & Refg. Co., 
Box 2180, Houston, Tex. 

*JOHANSSON, WarreN I., Univ. of Massachusetts, 
Amherst, Mass. 

*JOHNSEN, JOHN H., Vassar College, Pough- 
keepsie, N. Y. 

Jonson, F. W., Creole Petr. Corp., Apt. 889, 
Caracas, Venezuela, S. A. 

JoHNson, J. HARLAN, Colorado School of Mines, 
Golden, Colo. 

*JOHNSON, RoBERT B., Purdue Univ., Lafayette, 


nd. 
*JOHNSON, — 7 B., 165 Canton Club Dr., 
Jackson, Miss. 
JOHNSON, WILLIAM R., Box 539, Ardmore, Okla. 
*JONES, BRADFORD Cc, 1850 E. Sycamore St., 
Rt. 3, Anaheim, Calif. 
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Jones, DANIEL J., Univ. of Utah, Salt Lake 
City, Utah 

*JoNEs, PREstoN D., 1549 W. One Hundred 
Seventy-Ninth Pl., Gardena, Calif. 

Jones, THomas H., Standard Vacuum Oil Co., 
Box 3713, Karachi, Pakistan 

JONEs, VERNER, 14 McLaren Rd., Darien, Conn. 

JorDAN, Louise, State Geol. Survey, Univ. of 
Oklahoma, Norman, Okla. 

*JULLIAN, Y., E. P., 3 rue Aramagis, St. 
Germain, France 

Jurin, V., The Texas Co., 929 S. 
Broadway, Los Angeles, Calif. 


*Kaugn, J. oe. Univ. of Rhode Island, King- 
ston, 

*KANEHARA, Kinjl, No. 10-ro-14 Nishikata- 
machi, Tokyo, Japan 

Kanik, Stan A., Pan American Petr. Corp., 
Brent Bldg. , Regina, Sask., Canada 

KARCHER, J. C., ” Concho Petr. ‘Co., 1305 Gulf 
States Bldg., Dallas, Tex. 

Karces, Harotp E., Box 3044, W. Jackson, 


iss. 
F., Univ. of Illinois, Urbana, 


Kaska, Haro_p V., California Expl. Co., 200 
Bush St., San Francisco, Calif. 

— A. K., Presidency College, Madras, 
ndia 

Kate, FREDERICK H., 5801 N. W. Fifty-sixth 
St., Oklahoma City, Okla. 

KAUFFMAN, James S., Sinclair Oil & Gas Co., 
Box 521, Tulsa, Okla. 

*KAUFMAN , ‘Oscar, U. S. Navy Hiywecguaghie 
Office ’ Suitland, Md. 

KAUFMANN, G. F., Standard Vacuum Oil Co., 
1000 Westchester Ave., White Plains, N. Y. 

Kay, G.  _— Columbia Univ., New York, 


N. Y. 
*KEESLING, STUART A., The Texas Co., Santa 
Paula, Calif. 

KELLER, W. = Univ. of Missouri, Columbia, Mo. 
KELLEy, D. Geological Survey of Canada, 
Victoria atc ttawa, Ont., Canada 
KELLEY, FREDERIC R, 437 Panchita Way, Los 

Altos, Calif. 
KELLouGH, GENE Ross, 254 Dillon, Houston, 


ex. 

KELLuM, Lewis B., Univ. of Michigan, Ann 
Arbor, Mich. 

Avucusta Hassock, Box 626, Seymour, 

ex. 

Kerr, S. Durr, JR., Shell Oil Co., Box 1509, 
Midland, Tex. 

KEysER, JOSEPH E., Box 446, Midland, Tex. 

KEyzER, Frans G., Venezuelan Atlantic Refg. 
Co., Apt. 893, Caracas, Venezuela, S. A. 

*Khan, M. H., Geological Survey of Pakistan, 
Box 15, Quetta, Pakistan 

*KIER, PoRTER M., Univ. of Houston, Houston, 


Tex 
KILcoreE, Joun E., 6218 Carew, Bellaire, Tex. 
— Ravpu H., 1641 Oxford Rd., Lawrence, 


n. 
KinG, RoBERT Evans, American Overseas Petr. 
Co., 380 Madison Ave., New York, N. Y. 


i 
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*KINnG, WILLIAM E., 3409 Hill Ave., Midland, Tex. 

Kirsy, Loure C., 1019 S. Chilton, Tyler, Tex. 

—_~ M. Ivo, Jr., 406 E. Pine St., Midland, 

ex. 

KLEINPELL, ROBERT M., 5959 Margarido Dr., 
Oakland, Calif. 

KLEINPELL, W. D., Box 1131, Bakersfield, Calif. 

KNEBEL, GEORGE M., Standard Oil Co. of New 
ea 30 Rockefeller Plaza, New York, 


Kwicar, J. BROOKES, Box 2665, Rt. 5, Sarasota, 


*KNIGHT, RAYMOND L., Shell Oil Co., 1901 
Main St., Durango, Colo. 
KnIkER, HEpwIG, 761 Baker Ave., Seguin, Tex. 
*KOBAYASHI, TEIICHI, Geol. Inst., Faculty of 
Science, Univ. of Tokyo, Tokyo, Japan 
KoEnIG, Karu J., Texas A. & M. College, Col- 
lege Station, Tex. 

KoeEsTER, Epwarp A., 302 Orpheum Bldg., 
Wichita, Kan. 

*KORNFELD, JOSEPH A., 301 Oil Capitol Bldg., 
Tulsa, Okla. 

a RavpH B., 550 Tulane St., Salinas, 

alif. 

KraFt, GERALD R., Apt. E, 1127 Broadway, 
Boulder, Colo. 

*KraFt, JOHN C., 1443 Richland Rd., Calgary, 
Alta., Canada 

KrausE; Erwin K., Shell Oil Co., Box 1861, 
Corpus Christi, Tex. 

KrayE, Rosert F., Atlantic Refg. Co., Box 
2819, Dallas, Tex. 

*KRINSLEY, Davip H., Lamont Geological Ob- 
servatory, Palisades, N. Y. 

KrumMsBEIN, W. C., Northwestern Univ., Evan- 
ston, Il. 

KRryNINE, D., Pennsylvania State Univ., 
University Park, Pa. 

||KUENEN, Puitie H., Geologisch Instituut, 
Melkweg 1, Groningen, Netherlands 

KUuFFEL, GEORGE C., Shell Oil Co., 2080 Obispo, 
Long Beach, Calif. 

KucLer, H. G., Trinidad Leaseholds Ltd., 
Pointe-a-Pierre, Trinidad, B. W. I. 

<— BERNHARD, Harvard Univ., Cambridge, 

ass. 

*Kupper, Kiaus, Shell Petr. Devel. Co. of Ni- 

geria, Owerri, S. Nigeria 


S., 3905 Leland St., Chevy Chase» 


LaIMING, Boris, The Texas Co., 929 S. Broad- 
way, Los Angeles, Calif. 

Larrp, RoBeErtT F., 3016 Hampshire Dr., Sacra- 
mento, Calif. 

LatickEr, CeciL G., Box 991, McAllen, Tex. 

ee a? L., 1302 Crawford St., Bakersfield, 

alif. 

LANDES, KENNETH K., Univ. of Michigan, Ann 
Arbor, Mich. 

LANG, WALTER B., U. S. Geol. Survey, Wash- 
ington, D. C. 

Latta, LEE ALLEN, 401 Pioneer Bldg., Lake 
Charles, La 

LATTMAN, LAURENCE H., Gulf Oil Corp., Box 
35, Bowling Green Sta., New York, N. Y. 
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LAUKEL, QuINN C., Sun Oil Co., 503 N. Central 
Expressway, Richardson, Tex. 

LautuH, RoBertT E., Box 776, Durango, Colo. 

LAUTENSCHLAGER, H. K., Standard Oil Co. of 
California, Box 278, Oildale, Calif. 

Lavery, JOHN P., JR., Reserve Oil & Gas Co., 
Box 71, Bakersfield, Calif. 

W., 1212 Big Horn Ave., Worland, 


yo. 

LEBLANC, ARTHUR E., Shell Oil Co., Box 1509, 
Midland, Tex. 

LEBLaNnc, RuFus J., Shell Devel. Co., 3737 
Bellaire Blvd., Houston, Tex. 

*LEHMANN, ELRoy PAUL, Wesleyan Univ., Mid- 
dletown, Conn. 

Lerprock, R. M., Pan American Petr. Corp., 
Midland, Tex. 

J., 8906 Mills Avé., Whittier, 


“LENNON, RussELt B., 408 E. Iowa St., Urbana, 
*LEONARDI, Piero, Via Boldini 14, Ferrara, 


Italy. 

LERoy, LEsLIE W., Colorado School of Mines, 

Iden, Colo. 

*LEutTz, WILLARD P., 5019 N. High St., Colum- 
bus, Ohio 

*LEVINSON, ALFRED A., Dow Chemical Co., 
Freeport, Tex. 

LEvINSON, STUART A., Humble Oil & Refg. Co., 
Box 2180, Houston, Tex. 

LEvorseEN, A. I., 1525 E. Twenty-Seventh St., 
Tulsa, Okla. 

Lewis, PRENTIsS D., JR., Cuban Stanolind Oil 
Co., Apt. 2651, Havana, Cuba 

Licut, MitTcHELt A., California Research Corp., 
Box 446, La Habra, Calif. 
LinDBLoM, RoBERT, Standard Oil Co. of Cali- 
fornia, Box 4237, Sacramento, Calif. 
LINVILLE, ANDREW F., Jr., 24 S. Fifth E., Apt. 
406, Salt Lake City, Utah 

LittLe, Curtis J., Lion Oil Co., Box 4145, 
Albuquerque, N. Mex. 

LoEBLICH, ALFRED R., JR., U. S. Natl. Museum, 
Washington, D. C. 

LoEL, Wayne, 804 Subway Terminal Bldg., Los 
Angeles, Calif. 

LoHMAN, CLARENCE, JR., 2433 Inwood Dr., 
Houston, Tex. 

Louse, E. ALLEN, Shell Oil Co., Box 1861, 
Corpus Christi, Tex. 

LomBarRD, AuGusTIN E., Laboratoire Geologie, 
Universite Libre, Brussels, Belgium 

*Lonc, Ropert E., 4344 Linden Ave., Long 
Beach, Calif. 

LONSDALE, JOHN T., Bureau of Economic Geol- 
ogy, Box 8022, Austin, Tex. 

*LOUPEKINE, I. S., Royal Tech. College of East 
Africa, Nairobi, Kenya 

*Lovejyoy, Bitzi P., Shell Oil Co., Box 1509, 
Midland, Tex. 

LowenstaM, HeErnz A., California Inst. of 
Technology, Pasadena, Calif. 

LowMaN, SHEPARD W., Rensselaer Polytechnic 
Inst., Troy, N. Y. 

Lozo, FRANK E., JR., Shell Devel. Co., 3737 
Bellaire Blvd., Houston, Tex. 


Lucas, ELMER L., 219 W. Eufaula St., Norman, 
Okl 


a. 
*Lucas, GABRIEL, Laboratoire de Geologie Ap- 
pliquee, F aculte des Sciences, Alger, Algeria 
LucKETT, JOSEPH W., JR., The Pure Oil Co., Box 
2107, Fort Worth, Tex 
*LUDWICK, JOHN C., jr. 374 Terrace Pl., Oak- 
mont, Pa. 
LuGN, ALVIN L., 1800 S. Twenty-fourth St., 
Lincoln, Neb. 
*LunD, Ernest H., 1208 Victory Garden, 
Tallahassee, Fla. 

LyncH, SHIRLEY A., Texas A. & M. College, 
College Station, Tex. 

Lyon, Craic A., Standard Oil Co. of California, 
Salt Lake City, Utah 


Masy, RoBertT L., Jr., Arabian American Oil 
Co., Dhahran, Saudi Arabia 

*MACFADYEN, W. A., Hope’s Grove, Tenterden, 

_ Kent, England 

Mackay, IAN H., Richmond Expl. Co., Apt. 93, 
Maracaibo, Venezuela, S. 

*MACLACHLAN, Marjorie E., U. S. Geol. Survey, 
Federal Center, Denver, Colo. 

MacNAUGHTON, Lewis W., 4636 Meadowood 
Rd., Dallas, Tex. 

MappeEn, Lioyp W., McElroy Ranch Co., 703 
Wilco Bldg., Midland, Tex. 

Macaw, Mary ‘CATHERINE, Shell Oil Co., Box 
1861, Corpus Christi, Tex. 

*MAGNE, "JEAN, c/oS.N. Repal, B. P. 105, Alger, 
Algeria 

*Major, C. FREpD, JR., Shell Devel. Co., 3737 
Bellaire Blvd., Houston, Tex. 

*MAKIYAMA, JIRO, Kyoto Univ., Kyoto, Japan 

MALICoaT, ‘ARTHUR Gulf Oil Corp., 5311 
Kirby Dr., Houston, Tex. 

MALLory, V. STANDISH, Univ. of Washington, 
Seattle, Wash. 

*MANpRA, YorK T., San Francisco State College, 
San Francisco, ’Calif. 

en G. E., U. S. Geol. Survey, Washington, 


MANKIN, CHARLES J., 4608 Caswell Ave., Austin, 


Tex. 

MANN, JOHN F., JR., 3680 University Ave., Los 
Angeles, Calif. 

*MARRALL, GERALD E., 312 N. Russell Ave., 
Fullerton, Calif. 

MARCHER, MELVIN V., 537 Inwood Dr., Nash- 
ville, Tenn. 

MarcHETTI, Marco P., Corso Vittorio Emanuele 
21, Rome, Italy 

MarIAnos, ANDREW W., Humble Oil & Refg. Co., 
355 E. Second St., Chico, Calif. 

Marks, EDWARD, Union Oil ‘Co. of California, 
Box 613, Bakersfield, Calif. 

Marks, JAY GLENN, Creole Petr. Corp., Apt. 
172, Maracaibo, Venezuela, S. A 

Martens, JAMES H. C., Rutgers Univ., New 
Brunswick, N. J. 

MarTIN, JAMES L., Jr., Sinclair Oil & Gas Co., 
Box 521, Tulsa, Okla. 

MARTIN, LEWIs, Stanford Univ., Stanford, Calif. 

— Lois T., 1912 Eye St., Sacramento, 

1 
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Martin, WAyNE D., Miami Univ., Oxford, Ohio 

MARTINEZ, JOSEPH D., Humble Oil & Refg. Co., 
Box 2180, Houston, Tex. 

—_ Puit F., 5450 Tilbury Dr., Houston, 


ex. 

Masson, PETER H., Humble Oil & Refg. Co., 
Box 2180, Houston, Tex. 

— WarREN D., Rt. 1, Box 7, Golden, 

olo. 

*MATHER, KATHARINE, Waterways Experiment 
Sta., Drawer 2131, Jackson, Miss. 

MaTTHEws, WILLIAM H., III, Lamar State 
College of Technology, Beaumont, Tex. 

Mattox, RICHARD B., Texas Technological Col- 
lege, Lubbock, Tex. 

*MAURER, DONALD L., 1414 Arthur Ave., 
Chicago, IIl. 

Maync, WoLrF, C. E. P., 76 Grande Rue, Cham- 
bourcy, Paris, France 

McBripE, Mary Woop, 2932 Merida, Fort 
Worth, Tex. 

McC ue_Er, Rosert D., 4342 Crowley, Dallas, Tex. 

*McCvure, HAROLD A., Amerada Petr. Corp., 
1811 Niels Esperson Bldg., Houston, Tex. 

McCommons, WILLIAM E., Nortex Oil & Gas 
Corp., 1521 Fidelity Union, Dallas, Tex. 

McCrossan, R. G., 1619 Thirty-third Ave., 
S. W., Calgary, Alta., Canada 

*McDowELL, JOHN P., Johns Hopkins Univ., 
Baltimore, Md. 

McEacuin, W. D., Sinclair Oil & Gas Co., 901 
Fair Bldg., Fort Worth, Tex. 

McFarLan, EDWARD, Jr., Humble Oil & Refg. 
Co., Box 2180, Houston, Tex. 

McGEE, DEAN A., Kerr-McGee Bldg., 306 N. 
Robinson, Oklahoma City, Okla. 

*McGLasson, ROBERT, The Texas Co., 929 S. 
Broadway, Los Angeles, Calif. 

McGrecor, Duncan J., State Geol. Survey, 
Indiana Univ., Bloomington, Ind. 

McINtTyRE, DoNnaLp D., Pennsylvania State 
Univ., University Park, Pa. 

— Joun B., 1010 Paul Dr., Rockville, 


McKay, A. E., Continental Geophysical Co., 
211 Continental Life Bldg., Fort Worth, Tex. 

McKEE, Epwin D., U. S. Geol. Survey, Federal 
Center, Denver, Colo. 

McLaren, Dicsy J., Geol. Survey of Canada, 
Ottawa, Ont., Canada 

DONALD H., Jr., California Ecua- 
yt Petr. Co., Casilla’ 256, Quito, Ecuador, 

McLEAN, JAMEs D., JR., 4 Summit Place, Belle 
Haven, Alexandria, Va. 

McMavvs, DEAN A., 1137 Kentucky, Lawrence, 


McMaster, Rosert L., Narragansett Marine 
Lab., Univ. of Rhode Island, Kingston, R. I. 

McMiItn, FREDERICK A., College of Puget 
Sound, Tacoma, Wash. 

McNULTY, "Cuares L., Jr., Continental Oil Co., 
Petroleum Bldg., Roswell, N. Mex. 

*MEADE, RosBeErt H., JR., Stanford Univ., Stan- 
ford, Calif. 

*MEANS, Joun A., Sun Oil Co., Box 1270, 
McAllen, Tex. 
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fossil forms.” Economic Geology. 


SEDIMENTARY ROCKS 


F. J. Pettijohn, University of Chicago 
(Second Edition Published January, 1957) 


“I must congratulate Professor Pettijohn most sincerely for writing such a book 
and your firm for publishing this most exceptional piece of work. The style is ex- 
cellent, and the presentation should be a challenge to every student and worker in 
sedimentology. The illustrations are also most remarkable. I consider the book the 
most modern, or rather the only modern, text in the field of sedimentology.” Paul D. 
Krynine, Pennsylvania State University. 


“The need for this book has long been apparent to geologists, and Dr. Pettijohn has 
met that need with the complete success that only a master of the subject could 
ensure.” American Scientist. 


“The best single-volume text on sedimentary rocks on the market at this time.” 
Walter H. Schoewe, University of Kansas. 
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